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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 


il 
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PREFACE 


This Navy Training Course is written primarily for 
Aviation Electrician's Mates of the U.S. Navy and Naval 
Reserve who are preparing for advancement to AE1 and 
AEC. It is one of a series of courses written especially 
for the enlisted Aviation Electrician's Mate. In addition 
to preparing the AE for his advancement examination, it 
will also help to improve his daily working proficiency. 

The Manual of Qualifications for Advancement in 
Rating, NavPers 18068 (Revised), has been used as a guide 
in the selection of content for this training course. These 
qualifications are included in the back of this course as 
appendix III and are current through Change 12 to the 
manual. You should become familiar with these qualifi- 
cations prior to starting work on this training course. 

This course contains 14 chapters. All of these, with 
the exception of chapter 1, are concerned with the tech- 
nical aspects of the AE rating. Chapter 1 contains intro- 
ductory information, and youshould become familiar with 
the contents of this chapter prior to your study of the 
other chapters. 

As one of the Navy Training Courses, this book has 
been prepared by the U.S. Navy Training Publications 
Center, Memphis, Tennessee, and the Training Division 
of the Bureau of Naval Personnel. Credit is also given 
to the Aviation Electrician's Mate School, Jacksonville, 
Florida, for preparation of the end-of-chapter questions. 
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Locally Records of Practical Factors, NavPers 760, 
must be completed for E-3 and all PO 
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS 


DRILLING 


DUTY IN NON- 


GRADE# |oRiLLING 


PERFORMANCE 
TESTS 


PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS) 


NAVY TRAINING 
COURSE (INCLUDING 
MILITARY REQUIRE — 
MENTS) 


AUTHORIZATION 


14 days 14 days 
14 days 28 days 42 days 
None 14 days | 28 days | 28 days 


Specific ratings must complete 
applicable performanco tests bo- 
fore taking examination. 


Record of Practical Factors, NavPers 1316, must be 
completed for all advancements. 


Completion of opplicabie course or courses must 
be entered in sorvice record. 


Standard exams are usod where available, 
otherwise locally prepared exams are used. 


District commandant or CNARESTRA 





*Recommendation of petty officers, officers and approval by commanding 
officer required for all advancements. . 
# Active duty periods may be substituted for drills and training duty. 


READING LIST 


NAVY TRAINING COURSES 


Blueprint Reading and Sketching, NavPers 10077-A 
First Aid Standard Training Course, NavPers 10081 


Basic Hand Tool Skills, NavPers 10085 
Basic Electricity, NavPers 10086 
Basic Electronics, NavPers 10087 

AE 3 & 2, NavPers 10348 


USAFI TEXTS 


The United States Armed Forces Institute (USAFI) 
courses for additional reading and study are available 
through your Information and Education Officer.* A 
partial listing of those courses applicable toyour rate 
follows: 


Correspondence 


Title 


Beginning Algebra I 
Beginning Algebra II 
Trigonometry 
Physics I 

Physics II 


*'"'Members of the United States Armed Forces 
Reserve components, when on active duty, are eligible 
to enroll for USAFI courses, services, and materials 
if the orders calling them to active duty specify a 
period of 120 days or more, or if they have been on 
active duty for a period of 120 days or more, regard- 
less of the time specified in the active duty orders." 
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STUDY GUIDE 


Since this training course has been written primarily 
for the AE General Service Rating, all its contents are 
pertinent to those men who are advancing in the AE rat- 
ing. Most of its contents are also pertinent to the quali- 
fications required for the Emergency Service Ratings 
AEM and AEI. The exceptions are that AEI's may omit 
chapters 11, 12,and 13. They may also omit the sections 
of chapter 5 that treat voltage and speed controls of gen- 
erators and inverters, and the sections of chapter 6 that. 
treat protective devices used ina-c distribution systems. 
AEM's may omit the section of chapter 9 that treats the 
testing, adjusting, and repairing of electronic components 
used in instrument, automatic flight systems, and 
instrument-type indicating and warning systems. 

The following table indicates which chapters of this 
training course apply to your rating. To determine the 
sections of this course that you should study, use the 
following procedure: 

1. Select the column that applies to your rating. If 
you are advancing in the General Service Rating, you will 
use the column headed "AE." If you are advancing inone 
of the Emergency Service Ratings, you will use either the 
column headed "AEM" or "AEI." 

2. To the right of each chapter number appear rating 
level designations, each designation falling under a par- 
ticular rating heading (AE, AEM, AEI). When the rate 
for which you are preparing to advance appears to the 
right of a given chapter, you should study that chapter. 

3. These chapters contain information which will 
assist you in meeting the qualifications for your rating. 
In order to gain a well-rounded view of the duties of the 
General Service Rating, it is recommended that you read 
the other chapters of this course even though they do not 
pertain directly to your rating. 
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CHAPTER 


DUTIES AND RESPONSIBILITIES 


As a part of the Navy's training program, this Navy 
Training Course is written for the purpose of aiding you 
to prepare for advancement in rating. In order to meet 
the requirements for advancement you must have gained 
a wide background of practical experience in the field of 
aviation electricity, and you must also possess a thorough 
knowledge of electricity from the standpoint of theory. 
Your past years ofnaval experience have afforded you an 
opportunity to equip yourself with much of the knowledge 
and many of the skills that will be of valuable assistance 
as you progress in your naval work. You should become 
thoroughly familiar with the contents of the Navy Train- 
ing Courses given inthe preface of this course; for these 
are essentially prerequisites to the publication that you 
are now going to study. 


ADVANCEMENT IN RATING 


Advancing to AE1 or AEC means much more than an 
increase in pay and the acquiring of the privileges of a 
first class or chief petty officer. This step up the Navy 
ladder of success means that you must increase your 
knowledge and skills as they relate to your field. You 
must assume the responsibility of training men as they 
advance in the field of naval electricity. Also, it means 
that much of your time will be devoted towork ofa super- 
visory nature, and in doing this you will be required to 
assume duties that are somewhatnew. You will be required 
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to make decisions; for in many situations you will be in 
charge of the electrical department of an activity or 
squadron. 


You should be able to perform all of the professional 
jobs that are required of an Aviation Electrician. Unless 
youcan perform these jobs you cannot expect tocommand 
the respect of your men and your officers. You must be 
able to lead, supervise, and train men; organize and ad- 
minister electric shops engaged in the maintenance and 
repair of electrical equipment; and stow, preserve, and 
account for supplies and spare parts. 


There are several good reasons for advancing in rat- 
ing. Some of these are primarily advantageous to the 
individual and others are primarily advantageous to the 
Navy. 


You profit personally from the additional ability that 
you derive from the study and other efforts that you must 
make inorder to advance. You are a better educated and [' 
trained man. It is a boost to your pride and morale to be . 
able to do your job better and to understand more com- . 
pletely the various aspects of your rating. Also, it pays | 
you monetarily. You have more means to support your- 
self, your family, thereby providing a higher standard of - 
living. You have a feeling of accomplishment since you | 
know that you are getting ahead in your chosen career — 
field. By climbing farther up the leadership ladder, you 
are in a better position to lead and guide the efforts of 
others, watching them grow and develop into efficient 
workmen and finer individuals. 


The Navy also profits as personnel advance in rating, 
_since they can render greater benefit to their branch of 
military service. Personnel are better qualified and are 
able to perform their duties more efficiently; they can 
give better training to others, and they can more effec- 
tively discharge their increasing responsibilities in con- 
nection with the management functions of supervision. 
They move up to replace those who have been promoted 
or retired, thereby making room for the individual who 
wants to move into their position; that alone is good for 
the morale of all concerned. As a result, the Navy has 
better trained and happier personnel. 
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Training Courses 


Navy Training Courses are written to provide enlisted 
personnel with training information needed to qualify for 
advancement. They are organized in such manner that 
they may be used with a minimum of supervision. It is 
recognized that no book is a substitute for actual experi- 
ence. However, many of the men who desire to advance 
in rating do not have the opportunity to work at their 
specific job and must depend on training courses as their 
source of information. For this reason, Navy Training 
Courses are designed as self-study texts witha maximum 
of illustrations and with the text written in readable and 
conversational style. 


This Training Course 


In the performance of practical work, proficiency 
comes with practice and experience, for which no book, 
however helpful, can be an adequate substitute. On the 
other hand, you will find, in preparing for the written 
examination, that no amount of proficiency in practical 
work can take the place of the knowledge on which you 
may be examined, This course has been prepared to 
assist you in acquiring the knowledge that you will need 
in order to pass the exam for advancement to AE1 and 
AEC. It is designed to give appropriate personnel the 
sort of self-study help that they need, especially in those 
cases where there is little opportunity for a well -conducted 
training program or little chance of attending a service 
school. 

CONTENTS.—There are 14 chapters in this training 
course. This chapter is an introduction to the course. 
It is nontechnical in nature and is for the purpose of 
introducing you to the course. It sets forth your duties 
as a senior petty officer, describes the types of assign- 
ments that you may expect to fill, and explains the mean- 
ing of the various qualifications that you must fulfill in 
order to advance in rating. It describes some of the 
publications that you should refer to when studying for 
advancement and lists some general suggestions for study. 
Squadron or activity organization is discussed, along with 
the various maintenance levels and the tasks that are to 
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be accomplished at each level. Duties of the senior petty 
officer are discussed from the standpoints of the prepara- 
tion and maintenance of logs, records, and reports; shop 
administration, and training the men under you. 

The other chapters deal with the technical aspects of 
the rates of Aviation Electrician's Mate, First Class and 
Chief. Chapter 2 deals with the problems and responsi- 
bilities that relate to supply on the shop level; it also 
discusses many of the publications with which you should 
be familiar. Advanced alternating-current theory is 
presented in chapters 3 and 4. These deal with vector 
representation of voltages and currents, power, polar 
notation, polyphase power systems, delta and wye sys- 
tems, Millman's Theorem, and three-phase unbalanced 
systems. Chapter 5 is an introduction to magnetic am- 
plifiers which covers the basic principles of operation, 
basic circuits, applications, and advantages and disad- 
vantages. Chapter 6 deals with the generation, control, 
distribution, andsystem protection for aircraft a-c power 
installations. The most advanced types of a-c machinery 
are discussed. The applications of servomechanisms to 
aircraft electrical systems along with a discussion of 
data transmission systems, servo amplifiers, and servo- 
motors are given in chapter 7. 

Chapter 8 is an introduction to transistors; it deals 
with semiconductors, junctions, characteristics of 
transistors, basic transistor circuits, and applications. 
Aircraft compass systems are discussed in chapter 9. 
The MA-1 compass system is discussed in detail with 
major emphasis being placed on the various units that 
make up the system. Chapter 10 deals with automatic 
flight control and stabilization systems. Automatic pilots 
are discussed along with the various units and sets that 
are usedin connection with automatic flight. Pressuriza- 
tion and cabin temperature control for aircraft is dis- 
cussed in chapter 11. Typical system operation is 
described along with servicing and inspecting. Chapter 
12 deals with propeller synchronization. Synchronizers 
are described along with the operation that takes place 
during on-speed, overspeed, and underspeed conditions. 
Chapter 13 is devoted to d-c control, protective, and 
warning devices. Discussion is given to various types of 
control and protective relays, ground and feeder 
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protection, motor controls, and' warning devices. The 
last chapter presents information on special equipment, 
maintenance problems, and special maintenance tech- 
niques. 

Besides the chapters described above, the preliminary 
part of the course includes a reading list, study guide, 
table of contents, preface, and the credo. At the end of 
each chapter there is a quiz, which youshould use in your 
review of the chapters. In the back part of the course 
you will find the answers to the quizzes and the qualifica- 
tions for advancement in the Aviation Electrician's Mate 
rating. Also, the course contains an index. 

HOW TO USE THIS COURSE.—Proper use of this 
training course will greatly aid you in preparing for 
advancement in rating to Aviation Electrician's Mate, 
First Class and Chief. Some individuals may make the 
mistake of merely studying the answers to the end-of- 
chapter quizzes. The ones who do this will not obtain 
much benefit from the course. As the examination for 
advancement will contain questions not included in the 
end-of-chapter quizzes, the persons who study the text 
material thoroughly will find themselves better qualified 
to pass the examination. 

Since you have advanced to Aviation Electrician's Mate, 
Second Class or First Class, you may have already 
adopted a method for using course material similar to 
this. However, the following method will provide you with 
a procedure that will enable this course to be used to the 
best advantage. 

When you begin studying this course, turn to the table 
of contents to learn the page number of the appendix that 
lists the '"quals"' requirements. Carefully study the qual- 
ifications required of the rate towhich youare advancing. 
Also, remember that you are held responsible for the 
requirements of all rates below the rate to which you are 
advancing. After you have learned what knowledges are 
listed as required qualifications for advancement, turn to 
the study guide. It will indicate whether you are to study 
all chapters or just certain ones. Study the applicable 
chapters, mastering the subject matter of each before 
proceeding to the next. 

When you think you have mastered the material of a 
chapter, turn to the end-of-chapter quiz. Indicate your 
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answers on a separate piece of paper. Then turn to the 
answers in the appendix and check your responses. If 
some of your answers are incorrect, there may be one of 
several reasons for it. You may not have studied the 
material that the text items cover sufficiently to master 
it. Another possibility is that you failed to read the test 
items carefully and completely. You should study again 
all the material covered by test items that you answered 
incorrectly due to lack of understanding or failure to 
master the subject matter. 


NOTE: Ability to answer all the questions of all the | 


quizzes does not necessarily mean that you have mastered 
all the ;subject matter. The quizzes will help you to 
review/much of the material, but they are no substitute 
for mastery of the material page by page. 

As you study the material in this training course, you 
will findit helpful to read other references on the subject. 
Some of the most important of these are included in the 
reading list in the front of this book. 

In connection with reference material, you should be- 
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come familiar with a BuPers publication titled Training 


Publications for Advancement in Rating, NavPers 10052. 
The NavPers number is followed by a letter suffix which 


indicates the date of publication; presently thelatestissue . 
is NavPers 10052(F). This publication is a bibliography . 
of Navy Training Courses andother publications required . 
or recommended for study by naval personnel who are . 
preparing for advancement. Publications are listed for 
each rating and provide a working list of material for | 
enlisted personnel to study in preparation for qualifica- . 


tion in the duties of the various rate levels of that rating. 
Training courses marked by an asterisk must be com- 


pleted for specific rate levels before you are eligible to ; 
take the advancement examination. It must be realized . 


that, as indicated in the Manual of Qualifications for Ad- 


vancement in Rating, NavPers 18068 (Revised), all higher 
pay grades listed in this booklet may beheld responsible - 
for the materials in the publications listed for the lower . 


rates of that particular rating. 


Since in many instances only pertinent sections of . 
publications are listed in the Training Publications for . 
Advancement in Rating the most effective use will be made | 


of this booklet by concurrent reference to the QUALS . 
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- MANUAL. Here again, it must be assured that the latest 
, change to the manual is being used. 


f 
: MILITARY LEADER AND TECHNICAL SPECIALIST 
: As a Navy petty officer you are botha military leader 
; and a technical specialist. In your work, of course, these 
.. two phases go together. As apetty officer, you have cer- 
, tain general or military duties; and as a specialist, you 
have certain professional or technical duties. And you 
.. are responsible for attaining proficiency in both phases 
-, Of apetty officer's work. This course deals primarily 
,, With your specialist or technical (professional) duties. 
» However, both type duties will be discussed. 


: MILITARY DUTIES 
Leadership 


i Since youhave been a petty officer for some time, you 
. _Ttealize that more leadership is required of the higher 
i rates. Not only are you required tohave superior knowl- 
4: edge, but youare also required tohave the ability to han- 
,dle personnel. This ability increases in importance as 
af you advance through the various rates as a petty officer. 
it More and more your worth to the Navy will be judged on 
, the basis of the amount of efficient work you obtain from 
i your subordinates rather than how much of the actual 
if work you do yourself. You will be required to perform 
i the composite role of master technician, leader, super- 
visor, inspector, and instructor. 
2 “Leadership involves organizing the activities of group 
* members toward the accomplishment of a given task. 
’ Successful leadership, like anything else, takes practice. 
ui : Be willing to accept responsibility and you will find your- 
‘self enjoying responsibility. Make yourself aleader your 
a ‘men will gladly follow. From their respectful attitude 
° toward you, you will get a strong sense of satisfaction. 
* Much of what is presented in subsequent paragraphs 
_is written in terms of shop supervision; this information 
, applies equally to leadership. In fact, supervision is an 
“aspect of leadership. It is the technique by which you 


: intelligently guide the activities of your men. 
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Good organization provides the structure through which 
plans are formulated, clear cut lines of communication 
are established, authority and responsibility are dele- 
gated, qualityand quantity of work are achieved, materials 
are procured, and missions are accomplished. The or- 
ganizational structure in which you function depends on 
the type of duty to which you are assigned. 

No matter what the type of organizational structure, 
the senior AE should know the following: 

. Towhom youand your menare directly responsible. 
. Where you can go for advice and assistance. 

. Where your orders and assignments originate. 

. Exactly what your superiors expect from you. 

. Just what your men and equipment are capable of 
doing. 

As a supervisor you will occupy an important position 
in the maintenance department of your activity or squad- 
ron. You will be the link inthe chain of command between 
your officers and your men. Consequently, you must be 
thoroughly familiar with the organizationof your activity 
or squadron. 
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Supervisory Techniques 


DISCIPLINE.—As aleading AE itis your responsibility 
to organize your shop and men so that the tasks of the 
electric and instrument shop can be accomplished with 
speed and accuracy. The duties and responsibilities of 
each man are spelled out in detail within a good organi- 
zation. Each man knows exactly whatis expected of him. 
However, you know from past experience that the mere 
listing of duties does not necessarily get the job done. 

The established routine of work activity must be rein- 
forced by discipline. The leading AE's problems of super- 
vision and maintenance of discipline are complicated 
because in this category you are dealing with human beings 
and not the inanimate mechanical or electrical compo- 
nents of a piece of equipment. This means that you must 
supervise in a calm and understanding manner to get 
prompt and willing compliance with orders. You will 
command more respect and get better results by being 
reasonable and fair. Fairness is not to be confused with 
laxity or undue leniency. 


ROUTINE PROCEDURE.—Be certain that your men 
know what is expected of them. You can not expect any- 
one to do a satisfactory job unless his instructions are 
clear. You should have a standard operating procedure 
for all routine tasks. Have all of the men learn these 
procedures thoroughly. In certain complex or dangerous 
operations no deviation from the standard procedure 
should be permitted. However, if a man can perform his 
work satisfactorily by a method different from yours, 
and if his method is at least as fast, safe, and efficient, 
let him do the job his way. In fact, you will be wise to 
encourage any suggestions which might improve the 
quantity, quality, safety, or economy of the work. 

In scheduling your work, remember that your men will 
need occasional breaks and periods of relaxation. If the 
factor of fatigue is not taken into consideration, work will 
fall behind schedule. On the other hand, if you grant an 
excessive number of breaks, you may lose control over 
your men. You must strive for a happy medium in each 
situation, and be flexible enough to allow for changing 
conditions. Make the standards of conduct consistent for 
everyone working under your supervision. Favoritism 
should never be shown. 

PRAISE AND CENSURE.—There is a common mis- 
conception that discipline is merely a matter of admin- 
istering censure or punishment. Discipline also has its 
positive aspects that all too often are overlooked. When 
inspecting the quality of work done by your men, you must 
resist the tendency tocomment only on the mistakes that 
are made. You should comment favorably on the out- 
standing aspects of the job as well. Here too, you must 
use good judgement. No one is entitled to extra praise 
for doing a job well because thatis his job. Nevertheless, 
proper comment goes a long way in boosting morale. 
However, excessive flattery should be avoided. 

When your superiors comment favorably about work 
performed in your division, the information should be 
passed onto the men who helped earn the commendation. 
Do not leave the impression that you are due all of the 
credit. Another good rule to remember is praise in 
public, censure in private. When censure is necessary, 
be careful that the man understands why he is being 
censured. Be especially careful to avoid the use of 
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sarcasm. If oneof your men makes a mistake do not lose 
your temper. This NEVER does any good. If a man has 
misunderstood an order,a technique, or a principle, take 
steps to insure that future directions are given more 
clearly. 

PERSONNEL RELATIONSHIPS.—True discipline is 
obtained through the voluntary cooperation of the men 
with their leader. It should be recognized that coopera- 
tion is a two-way proposition. The men depend on the 
leader to fulfill many of their psychological needs. They 
look to the leader for the security of his approval. They 
want a supervisor whom they can respect and brag about, 
and you, as the leading AE, want a crew that will be a 
credit to you, the AE: shop, and the Navy. The relation- 
ship that you establish with your men is a reflection of 
your attitude toward them. If you know and understand 
them, have respect for their dignity as human beings, 
and show a sincere interest in their welfare, they will 
respond with renewed energy and with pride and confidence 
in your leadership. They will work because they want to 
and not because they are compelled to or because they 
fear punishment. This is what is meant by voluntary 
discipline. It is based on knowledge, reason, sense of 
duty, and loyalty, and is closely related to morale. 

You should learn all you can about each member of 
your crew (their names, ambitions, problems, capabil- 
ities, and limitations). The men should know that you are 
sincerely interested in their welfare. Usually you should 
not volunteer advice on personal problems. However, a 
man with such problems often needs someone whom he 
respects to talk to. By simply being an understanding 
listener, it is possible to be of great help in such cir- 
cumstances. 

The men should be given an opportunity to get to know 
their leader. In this way a common ground of under- 
standing is established. When work is to be done, you 
should be in the area. Your presence indicates that you 
know what is goingon and are interested in what the men 
are doing. Except in emergencies, you should tell the 
men what to do rather than how to do it. In this way they 
will learn by doing. 

You should be a good craftsman, and your skill must 
be reflected in the high quality of your own workmanship. 
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In fact, your work should set the example for others. 
Keep up with every new development, military and civilian, 
that might affect your work. If you are confronted with a 
question you cannot answer, admitit. Noone person knows 
all the answers, so do not try to bluff. If the bluff does 
not work, you will lose the respect of your men. Instead, 
show your men that you have an inquiring mind. Make 
every effort to find the answer to the question and then 
share your knowledge with others in the shop. You will 
find that discipline becomes much easier if you show pro- 
ficiency in your technical specialty. 

As a first class or chief, you will frequently become 
involved in personnel problems, such as recommending 
men for promotion, and settling differences and griev- 
ances between them. You must handle such matters with 
discretion and fairness. Your job will put youin the role 
ofa liaison man,for you will haveto deal with equals and 
superiors as well as subordinates. Your attitude toward 
this chain of commandis important since the whole struc- 
ture of naval service is built upon ascending and descend- 
ing responsibilities. Each officer and man in the Navy 
is dependent upon others for the smooth performance of 
his tasks. 

The morale of men under you is an index to the effi- 
ciency of your shop. Attempt to detect small problems 
before they growinto large ones. Counsel with your men, 
give them advice and assistance whenever possible. 


PROFESSIONAL DUTIES 


The AE ratingis a group of jobs whichrequire essen- 
tially the same aptitudes, training, experience, skills and 
abilities. Your professional (technical) duties include 
those jobs which require youto use your special training 
relating to a particular field. As an AE your professional 
duties relate to those jobs that must be performed in 
maintaining and operating aircraft electrical and instru- 
ment equipment. 

The rating of Aviation Electrician's Mate is divided 
into six rates or pay grades. The degree of complexity 
that the AE must face in connection with a job is deter- 
mined by his rate. The higher the rate the greater the 
amount of responsibility that goes with the jobs required 
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of the particular rate. Appendix DJ of this training course 
is a DETAILED LISTING BY RATE of the jobs that AE's 
are required to perform. 


The petty officer level of chief is now divided into 
three pay grades, E7, E8, and E9. This should serve as 
a considerable incentive tothe men of the rating, since a 
person need no longer feel that he has reached the high- 
est step of his enlisted career when he has advanced in 
rating to chief. 


By now you should be thoroughly acquainted with the 
technical skills required of the Aviation Electrician's 
Mate, Third Class and Second Class. The most impor- 
tant additional skills required of you as a first class or 
chief are as follows: 

1. Test, adjust, calibrate, install, and make author- 
ized repairs to— 

a. Aircraft instruments. 

b. Power, lighting, and noninstrument type indi- 
cating and warning systems. 

c. Units of aircraft electrical systems including 
servos, relays, protective devices, and all rotating elec- 
trical equipment. 

2. Maintain and test aircraft propeller and engine 
electric/electronic control systems. 

3. Make performance test including bench, preflight, 
and required inflight adjustments to maintain proper 
operation of automatic pilot equipment. 

4. Perform instrument repair, using required ma- 
chines and special handtools. 

5. Interpret wiring diagrams contained in Handbooks 
of Maintenance Instructions in troubleshooting electrical 
systems. 

6. Analyze malfunctions and determine corrective 
action required on aircraft electrical and instrument 
systems. 

7. Conduct on-the-job training and supervise person- 
nel engaged in maintenance of aircraft electrical and in- 
strument systems. 

8. Furnish technical assistance in preparation of 
reports required by higher authority relating to electri- 
cal systems and/or equipment, including aircraft accident 
reports. 
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9. Organize and administer personnel and facilities 
for maintenance of aviation electrical and/or instrument 
systems. 

10. Supervise the use, filing,and maintenance of pub- 
lications and records; supervise preparation of reports 
required by own department. 

11. Supervise the requisition and inventory of, and 
account for allowed materials in accordance with current 
directives. 

12. Screen defective exchangeable electrical compo- 
nents and instruments, for feasibility of authorized local 
‘ repair in lieu of exchange. 

Your ability to perform the above listed skills is de- 
termined by a number of factors. The most important of 
these factors is the knowledge that you possess concern- 
inga particular skill that youmust perform. Navy Train- 
ing Courses contain the information necessary for you to 
gain the knowledge in order to perform many of the tech- 
nical duties of your rate. Insofar as possible, this train- 
ing course, AE 1 & C, contains information required of 
First Class and Chief Aviation Electricians. 


QUALIFICATIONS FOR ADVANCEMENT 


The Manual of Qualifications for Advancement in Rat- 
ing, NavPers 18068 (Revised), is of vital interest to the 
division officer and the enlisted man alike. This publica- 
tion is the official manual which promulgates the mini- 
mum qualifications for the advancement in rating of en- 
listed personnel in the regular Navy and the Naval Reserve. 
It covers in more or less broad terms both the military 
and the professional requirements for advancement inall 
ratings in the Navy. The Bureau of Naval Personnel 
issues CHANGES tothe quals manual inorder to keep the 
requirements of your rating up todate. The qualifications 
printed in appendix III of this training course for the 
Aviation Electrician's Mate rating are current through 
change 12 only. It is important that you refer tothe latest 
change to the quals manual when preparing for any ad- 
vancement examination. This is the only way you can be 
certain that you are studying all of the requirements of 
your rating. Visit your information and education office 
or consult your education and training officer for infor- 
mation concerning the latest changes to the manual. 
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The naval rating structure is subject to continual 
review to insure the most effective manpower utilization 
and career patterns. Beginning with change 11, two dif- 
ferent and distinct ratings structures will exist in the 
Qualifications Manual (NavPers 18068). These are the 
structures established in 1947 and anew structure es- 
tablished in 1957. The older structure will be replaced 
by the new structure on an evolutionary basis with ratings 
revised in terms of the new structure as rapidly as pos- 
sible. At the time this training course is published, the 
AE rating is still operating under the structure estab- 
lished in 1947. It is suggested that you study the preface 
of the quals manual since it sets forth in detail the aspects 
of the two structures. The AM rating has already been 
changed to the new structure; it is suggested that you 
compare the AE and AM ratings as a means of better 
understanding the new structure. Following is a brief 
description of the two structures. 


The 1947 structure provides for GENERAL SERVICE 
RATINGS and EMERGENCY SERVICE RATINGS. The 
general service ratings, which are for enlisted personnel 
of the regular Navy in time of peace provide for a petty 
officer broadly qualified inall aspects of his rating. The 
emergency service ratings, which are for personnel of 
the Naval Reserve in peacetime and for both the regular 
Navy and the Naval Reserve in wartime, provide the 
flexibility needed to permit expansion from the broad 
general service areas to the narrower service areas 
within the same occupational grouping. 


In recent years the rapid introduction of complex 
technological developments in the Navy, as well as 
greater use of noncareer personnel, has produced a need 
for modifications to the 1947 structure. A structure is 
needed which will provide for specialization and reduce 
training time. The concept of the broadly trained and 
qualified petty officer is retained in the new structure 
and, at the same time, effective manpower utilization is 
insured by providing desirable specialization in the lower 
pay grades of certain ratings. Also, this new structure 
applies equally to both the regular Navy and the Naval 
Reserve and there is no change in an enlisted man's 
rating in the case of mobilization. The new structure 
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consists of (1) GENERAL RATINGS (2) SERVICE RAT- 
INGS, and (3) EMERGENCY RATINGS. 

A general rating reflects qualifications in all aspects 
of an occupational field and insures broadly qualified 
senior petty officers. Itis similar toand will replace the 
present general service rating and is applicable to both 
the regular Navy and the Naval Reserve. A service rating 
reflects qualifications insome of the aspects of an occu- 
pational field and provides specialization where deemed 
desirable. It is similar to and replaces the emergency 
service ratings for the Naval Reserve and also it is ap- 
plicable tothe regular Navy. Anemergency rating reflects 
qualification in a civilian skill which is not identified in 
the peacetime Navy but is required to be identified in 
wartime. It is similar to and will replace the exclusive 
emergency service rating. 

In summary, the new rating structure will provide (1) 
a completely integrated system applicable to both peace- 
time and wartime which undergoes no basic change in 
structure during mobilization, and (2) a structure with 
inherent incentives to provide necessary generalization 
at the senior pay grades and built-in flexibility toaccom- 
modate specialization in the lower pay grades where 
necessary. 


Military Requirements 


The military requirements that are required of you 
are listed in appendix III of this training course. These 
are takenfrom the Manual of Qualifications for Advance- 
ment in Rating, NavPers 18068 (Revised). Military re- 
quirements are applicable to all enlisted men irrespec- 
tive of rating. Three Navy Training Courses have been 
written which cover all of these requirements. They are 
Basic Military Requirements, NavPers 10054, Military 
Requirements for Petty Officer 3 and 2, NavPers 10056, 
and Military Requirements for Petty Officer 1 and C, 
NavPers 10057. 

The basic course is written to cover the military re- 
quirements of the first three pay grades. It is concerned 
primarily with the meaning of military requirements, 
naval organization, military drilland ceremony, security, 
ABC warfare, naval aircraft, service records, and ad- 
vancement and training. 
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Military Requirements for Petty Officers3 and 2 is 
concerned primarily with the knowledge that a petty offi- 
cer must possess in order to work independently and to 
assume leadership duties. Major topics covered are— 
importance of the U. S. Navy, naval career opportunities, 
military command and leadership, discipline and regu- 
lations, survival, communications, and training methods. 

Military Requirements for Petty Officers1 and C is 
written for the senior petty officer and is concerned with 
the knowledge necessary to become a successful leader. 
Since you are preparing for advancement to first class 
or chief, you should become thoroughly familiar with the 
contents of this course. Also, you are responsible for 
the material in the other two courses. This course sets 
forth the military requirements of senior petty officers. 
It presents inspirational material concerning your place 
in the Navy. It points out your responsibilities as an 
instructor, describes some proven teaching methods that 
you may use, and presents techniques that may be used 
in evaluating your men. The last two chapters of this 
course are devoted to leadership. They. contain a listing 
of the "do's and don'ts" of leadership and give examples 
. of leadership problems that areapt to arise and methods 
of solving them. 


Professional Requirements 


The professional requirements required are listed in 
appendix Ilof this training course. Theseare taken from 
the Manual of Qualifications for Advancement in Rating, 
NavPers 18068 (Revised) and are current through change 
11. These are the professional (technical) qualifications 
required of Aviation Electricians to perform properly 
the duties of their particular rate. The most important 
of these requirements forthe First Class and Chief Avi- 
ation Electrician are discussed in this chapter under the 
heading Professional Duties. 

This training course (AE 1 & C) is written primarily 
to aid the AE1 and AEC in fulfilling his professional re- 
quirements. Three additional training courses that relate 
to your professional requirements and with which you 
should become thoroughly familiar are— Basic Electricity, 
NavPers 10086, Basic Electronics, NavPers 10087, and 
AE 3 & 2, NavPers 10348. 
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Record of Practical Factors 


Practical factors are those skilled operations that you 
must be able to perform prior to your advancement. 
These are given in the Manual of Qualifications for Ad- 
vancement in Rating, NavPers 18068 (Revised). Theyare 
also included in appendix III of this training course. The 
requirements listed under practical factors include the 
minimum skills and abilities that you should possess in 
order to advance. 

Form NavPers 760(AE), Record of Practical Factors, 
lists the practical factor (military and professional) re- 
quirements for the Aviation Electrician's Mate rating. 
There is a similar form for all ratings. As you demon- 
strate proficiency in the required practical factors listed 
on this form, an entry is made which shows the date and 
the initials of the supervising officer. Instructions for 
completing this form are provided at the top of its first 
page. 

Each man studying for advancement in rating should 
have a copy of this form for his personal record and 
guidance. A copy of this form is held by the division of- 
ficer or other appropriate supervising officer for each 
man in pay grade E-3 through E-6. Upon transfer of an 
enlisted man, the supervising officer's copy of the form 
is signed, inserted in the correspondence side of the 
service record, and forwarded. 

The. appropriate items on NavPers Form 760(AE) 
must be completed before you are eligible to take the 
examination for advancement in rating. A few days prior 
to your advancement examination, you should check to 
see that the supervising officer's copy of your form 760 
isor will be completed on time. Also, when you are being 
transferred toa new duty assignment you should check to 
see that all of the practical factors you have completed 
have been entered on your form 760. 

Any major changes to the Manual of Qualifications for 
Advancement in Rating, NavPers 18068 (Revised), require 
that the Record of Practical Factors form be reprinted. 
However, minor changes to the ''quals'' manual may be 
recorded in spaces provided in the form 760. The rela- 
tionship between the quals manual and the form 760 is 
apparent, since the practical factor requirements printed 
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inthe form 760 are taken directly from the manual. Form 
760 affords an orderly and meaningful method of record- 
ing your progress inadvancement towards the next higher 
rate within the rating. 


SQUADRON OR ACTIVITY MAINTENANCE 
ORGANIZATION 


As an Aviation Electrician's Mate, First Class or 
Chief, you will most likely be assigned toa billet that 
relates directly to the operation and maintenance of air- 
craft electrical and instrument equipment. Because of 
your past naval experience, you already know that your 
assignment possibilities cover a wide range of duties 
and responsibilities. The most common command bil- 
lets to which AE's are assigned are operating squad- 
rons, naval air stations, aircraft carriers or sea- 
plane tenders, or a training billet in a technical school. 
Each of the foregoing command billets will assign you to 
specific duties within the command. Depending on the 
type command, you can expect certain types of duties 
within each. 

In operating squadron and seaplane tender billets, you 
will most likely perform routine electrical maintenance. 
On an aircraft carrier, you will be in the V6 division, 
and your job will consist mainly of maintaining shop fa- 
cilities, auxiliary power units, and test equipment to be 
used bythe airgroup aboard. In a naval air station billet, 
your job possibilities are more varied. In most cases, 
however, you will either maintain aircraft assigned to 
_ the NAS, or work in an O and R department. When as- 
signed to a training billet, you will most likely be an in- 
structor, technical writer, or work ina testing section. 

A more complete description of the functions of each 
type of command billet is given in chapter 1 of AE 3 & 2, 
NavPers 10348. 

The maintenance organization of a squadron or activity 
is under the direction of a maintenance officer. As head 
of the maintenance department, he exercises administra- 
tive control over the department and is responsible to the 
commanding officer for the accomplishment of its mis- 
sion. He establishes procedures and delegates authority 
to subordinates. He provides for reviewof decisions and 
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actions of his subordinates and controls assignments of 
personnel to divisions withinthe department. Each main- 
tenance department will have an assistant head of the 
department. He implements the instructions and policies 
of the maintenance officer and acts for him inhis absence. 

Figure 1-1, shows astandard organization chart of the 
divisions that are controlled by the maintenance depart- 
ment. The codenumber prefixed by the letters AM stands 
for Aircraft Maintenance. Those divisions coded AM-11, 
AM-12, AM-13, AM-14, and AM-15 are staff divisions, 
while the divisions coded AM-2 through AM-7 are line 
divisions. 


AM MAINTENANCE 
OFFICER 

AM | ASSISTANT 

MAINTENANCE OFFICER 


AM tl AM 12 AM 13 AM 14 AM 15 
RECORDS INSPECTION LOGS @ 
PLANNING MATERIAL @ REPORTS DIVISION PUBLICATIONS 


AM 2 AM 3 AM 4 AM 5 AMG Au? 
POWER AIRFRAMES LINE AVIONICS ARMAMENT AVIATION 
PLANT MAINTENANCE EQUIPMENT 
DIVISION DIVISION DIVISION DIVISION DIVISION DIVISION 

THIS CHART IS FOR CLASS "C’, "0", "E’, @ °F” MAINTENANCE 


Figure 1-1.~Standard aircraft maintenance organization chart. 


The line divisions are responsible for the ultimate 
accomplishment of the basic mission of the department. 
They normally contribute directly tothe fulfillment of the 
broad objectives of the divisions and are dependent upon 
the staff branches for specialized advice and services. 
Each division has a division officer. He has administrative 
control over his division, under the direction of the main- 
tenance officer. Division officers are responsible for the 
following functions within their divisions—(1) personnel 
assignments and administration, (2) quantity and quality 
of the work performed, (3) interpretation of technical 
directions and institution of appropriate action, (4) prep- 
aration of maintenance instructions for work in their 
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respective technical areas of cognizance, (5) custody, 
issue, and maintenance of; and the accounting for assigned 
tools and organizational equipment, (6) establishment of 
a suitable training program and preparation of suitable 
lesson plans to be approved by the maintenance officer, 
(7) safety engineering, and (8) preparation of failure 
reports. 


Functions of Divisions 


Planning division, AM-11, screens directives received 
from the maintenance officer for applicability and for- 
wards copies of them to the appropriate divisions as in- 
dicated on the Directives Flow Chart, and initiates 
requests for material. Some of the other duties of the 
planning division are to (1) process FUR's, (2) provide 
stub number information on the maintenance instruction, 
(3) distribute copies of approved maintenance instruction, 
(4) plan workload and schedule maintanance work, (5) 
initiate work orders on scheduled work, (6) maintain the 
Aircraft Status Board, (7) inform the line maintenance 
division of action taken tocorrect discrepancies, (8) pre- 
pare work requests to be submitted to and maintain liaison 
with the supporting activity. 

Records and reports division, AM-13, is responsible 
for maintaining a master log of completed work order and 
maintenance instructions, and to insure that proper rec- 
ords in proper form are kept by the various divisions as 
required. 

Inspection division, AM-14, establishes inspection 
procedures and standards toinsure that maintenance and 
repair work on aircraft, engines, accessories and equi- 
page have. been performed in accordance with current 
Navy standards. 

Logs and publications division, AM-15, maintains 
technical publications and a correspondence library and 
secures applicable classified data. This division also 
maintains logs, such as aircraft,’ engine, and others as 
may be required, in accordance with BuAer instructions 
and insures the correct disposition of all logs and publi- 
cations. 

_ Material division, AM-12, is responsible for planning, 
procuring and expediting material needed to support the 
workload of the squadron or activity. 
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The above divisions are staff divisions with the main 
responsibility of supporting the line divisions. 

Avionics division, AM-5, performs maintenance work 
on the instruments, electronic, and electrical equipment 
of assigned aircraft. The level of work performed is 
determined by the class of the maintenance activity. 

These are classed as A, B, C, D, E, and F and are as 
follows: 

Class A maintenance (overhaul maintenance) includes 
conversion, modification, repair, overhaul, emergency 
manufacture of nonavailable parts requiring heavy in- 
stalled equipment, and provides technical assistance to 
the lower levels of maintenance. 

Class B maintenance (special maintenance) includes 
repairs and modification to aircraft and equipment re- 
quiring major disassembly, preservation for shipment 
and storage, emergency manufacture of nonavailable 
parts requiring installed equipment, and provides tech- 
nical assistance to lower levels of maintenance. ClassB 
maintenance requires an estimated period of from 91 to 
180 days for completion. 

Class C maintenance (shop repair maintenance) is 
performed on parts, subassemblies, assemblies, units, 
groups, and sets normally located in fixed ship, shore, 
or mobile shops. It is performed without removal of 
aircraft or equipment from an operating or flight sched- 
ule unless prohibited by insufficient quantities of avail- 
able spare parts, subassemblies, assemblies, units, 
groups or sets. Class C maintenance requires an esti- 
mated period of from 61 to 90 days for completion. 

Class D maintenance (shop maintenance) normally in- 
cludes preservation, inspection, examination, and speci- 
fied bench test of parts, subassemblies, assemblies, 
units, groups and sets removed from aircraft, aircraft 
equipment, and aircraft support equipment. Correction 
of discrepancies and compliance with applicable instruc- 
tions by adjustment, minor repair and/or replacement of 
equipment is also performed as class D maintenance. 
Class D maintenance requires an estimated period of 
from 31 to 60 days for completion. 

Class E maintenance (hangar maintenance) is per- 
formed at or in a hangar, hangar deck or dock. It is 
performed during maintenance availabilities, with the 
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aircraft or equipment removed from the operating or 
flight schedule. It is performed by allactivities assigned 
operating aircraft or equipment, with authorized and 
qualified hangar maintenance personnel, using approved 
and authorized class E maintenance material. Class E 
maintenance includes all intermediate and specified 
major, special and preservation inspections. It also in- 
cludes functional test of aircraft, aircraft equipment and 
aircraft support equipment systems. Class E mainte- 
nance requires an estimated periodof from 11 to 30days 
for completion. 

Class F maintenance (line maintenance) is performed 
on or in an aircraft or equipment, normally located on a 
flight line, flight deck, launcher, ramp, or at a buoy, boom, 
or mast. It is performed during maintenance availabili- 
ties, prior to, or between scheduled operations or flight, 
without removal of the aircraft or equipment from the 
operating or flight schedule. It is performed by all activ- 
ities assigned or having physical custody of aircraft or 
equipment, by authorized and qualified line maintenance 
personnel, using authorized and approved class F main- 
tenance material. Class F maintenance includes servic- 
ing, daily and preflight or preoperation inspections, 
ground test, and troubleshooting aircraft, aircraft equip- 
ment, and aircraft maintenance support equipment sys- 
tems. Correction of minor discrepancies and compliance 
with applicable instructions by adjustments and replace- 
ment of parts is within the scope of class F maintenance. 
Class F maintenance requires an estimated period of 
from 0 to 10 days for completion. 


Maintenance Instructions 


A maintenance instruction is used at the squadron 
level for the interpretation and issuance of an order for 
compliance with directives received from higher authority 
or to implement local instructions. It is prepared by a 
division officer designated by the maintenance officer and 
is then reviewed by the maintenance officer. There are 
two general classes of work for which maintenance in- 
structions are used: 

1. Single Action Maintenance Instruction (SAMI). 
These are prepared for work ofa one-time nature. When 
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the work ordered is such that it will be completed on an 
aircraftor piece of equipment by carrying out the instruc- 
tions set forth, and will not require further action at any 
time or in any situation on that aircraft or piece of equip- 
ment, it is properly called a SAMI. For example, an air- 
craft service change on all bureau numbers of a certain 
model aircraft. 

2. Continuing Action Maintenance Instruction (CAMI). 
These are prepared when the work ordered is such that 
it may recur at intervals on the same aircraft or piece 
of equipment due to elapsed time or as a result of some 
situation. For example, an inspection of the landing gear 
is required whenever a hard or unusual landing has been 
reported. 

A separate serial numbering system is setup for each 
type of maintenance instruction (SAMI or CAMI) for file 
control purposes and for cross-reference on work orders. 
Each supporting work order will merely carry the serial 
number of the maintenance instruction rather thana repe- 
tition of an oftentimes lengthy work description. Detailed 
instructions for performing the maintenance are to be 
printed on the back of the form. 

Work Orders 

Single Action Maintenance Instruction (SAMI's) and 
Continuing Action Maintenance Instructions (CAMI's) are 
formal maintenance instructions issued to your mainte- 
nance officer from higher authority. These instructions 
are written in Navy-wide standardized format. To see 
that these formal instructions and also squadron- 
originated instructions, are carried out by the shop, work 
orders are written by the planning division and given to 
the shop. These work orders have the direct authority 
of the maintenance officer behind them. Hence, work 
orders are essentially written commands from the main- 
tenance officer which tell you toperform certain work on 
certain aircraft at specified times. Often, the manner in 
which the work is to be done is included. 

A good way for you to classify and administer work 
orders is in accordance with each work order's nature. 
Since each work order must fall into one of three cate- 
gories, from your standpoint, you can file them accord- 
ingly. These categories are: 
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1. Special work orders. 

2. Standing work orders. 

3. Routine work orders. 

Special work orders will instruct you to carry out 
Single Action Maintenance Instructions (SAMI's) when they 
are received by your maintenance officer from higher 
authority. They also cover work that is originated in the 
squadron. In either case, however, special work orders 
apply only to work of a one-time nature. 

Standing work orders will instruct you to carry out 
Continuing Action Maintenance Instructions (CAMI's) when 
they are received by your maintenance officer from higher 
authority. They also cover work originated in the squad- 
ron. In either case, however, standing work orders apply 
only to work that will probably be done more than once, 
but which cannot be scheduled. This work cannot be 
scheduled because no one knows when the need for it will 
arise. For instance, one standing work order states that 
current limiters will be replaced after being subjected to 
an overload. 

Both special and standing work orders will be serial- 
ized by the planning division. Since the serial numbers 
of the work orders you receive probably will not be in 
perfect sequence (in-between numbers issued to other 
divisions) you should assign your own shop serial num- 
bers to all incoming work orders. In this way, with no 
"gaps'' between numbers, all work orders are more 
easily accounted for. 

Routine work orders will instruct you tocarry out the 
routine daily workload, consisting of periodic checks and 
correction of normal discrepancies. There is no need to 
serialize routine work orders, since each is turned back 
in as it is completed. Work done on routine orders will 
appear in your daily work log along with work done on 
special and standing orders. 


Work Request 


The work request is used by a supported activity to 
request that specific work be performed for it by its sup- 
porting activity. The work request originates in the sup- 
ported squadron for work that is beyond its own capacity 
to accomplish. The supporting activity reviews the 
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request and approves or disapproves it. If the request is 
approved, a work order number is assigned to it and the 
requesting activity is notified when the work is completed. 


_ If the request is disapproved, the reason therefor is 
. entered on the work request and it is returned to the 
; originator. 


Status Board 


The status board is maintained to provide a visual 
presentation of current status information on all aircraft 


‘ in the squadron. The status board (fig. 1-2) is of suitable 
- gize and material to indicate such information. Size and 


' location of the board will vary with squadron employment 
~ and operating conditions. 
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Figure ]-2.—Aircraft status board. 


Work Status Report 


A work status report is prepared daily by the shop 


_ Chief, and submitted to the planning division, AM-11. 


Rica ee we s 


This report indicates the extent of completion in man- 
hours, of all work orders assigned to the shop. By using 
status reports, the planning division can develop realistic 
availability schedules. For instance, if 30 man-hours are 
required to complete acertain work order, and your status 
report indicates 25 man-hours have been spent on the work 
order, then the planning division should be able to safely 
assume that an additional half-day will be required to 
complete the work. Status reports should be prepared in 
duplicate, so that a copy may be retained in your shop. 


_ There is no standard format for status reports, because 


local conditions differ greatly between squadrons (oper- 
ating practices, size, mission, etc.). 
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DUTIES OF THE LEADING PETTY OFFICER 


Shop Administration 


Some of the most important duties that you will be 
required to perform as a First Class or Chief Aviation 
Electrician will bein connection with shop administration. 
Asa shop supervisor you will be responsible for the work 
that is performed in the electric and instrument shop as 
well as that performed on the line. 

There are various aspects of shop administration. 
Some of the most important of these are discussed. 

JOB PRIORITY, SCHEDULING, AND ASSIGN- 
MENTS.—Determining which jobs should be performed 
first will be one of your major responsibilities. This is 
an important phase of your work for these decisions 
determine the use of your facilities—men, material, and 
machinery. Routine work presentsno particular problem 
to a well organized shop. Rush jobscan cause much con- 
fusion unless you have already thought them through and 
taken steps to see that the work follows well founded 
principles. 

When scheduling work take steps to insure that you 
will have your men or crews working on different type 
jobs. If a number of menor crews are assigned to the 
same type jobs there will be an overdemand for certain 
test equipment, tools, and work space. This results in 
confusion and waste of time. 

You should include known future assignments in your 
work schedule. If you know that at a certain date you 
must perform certain jobs you can rearrange your present 
work schedule so that routine work will have already been 
accomplished. | 

One of the most important aids in supervision is a job 
plan. When setting up a job plan, consider these ques- 
tions: (1) Whatisthejob? (2) howcanit be accomplished ? 
(3) how many men are required? (4) what tools and ma- 
terials are necessary? Schedule activities so that work 
is accomplished in the proper sequence. This is espe- 
cially important if you have men working on different 
phases of the same job. 

In distributing work, be fair to all the men. It isa 
natural inclination, and a part of every person's makeup, 
to give the breaks to the people he likes. The important 
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thing is to realize that you have this inclination and to 
control it. Avoid having a man do all the work of one 
type just because he happens to be an expert in that par- 
ticular phase of the work. Pass the work around so that 
each man will get a chance to develop his skill in all 
phases of an electrician's work. Assign your strikers to 
assist with various kinds of work so they will get expe- 
rience on all kinds of jobs. 

Rotating assignments makes the work more interest- 
ing for the men and, in addition, better qualifies them for 
advancement in rating. Another good reason for rotating 
assignments is that if one highly skilled man does all the 
work of a certain type, you and your shop will be at a 
great disadvantage should he ever leave the crew. Fi- 
nally, avoid favoritism; it leads to poor morale and low 
production. Let ability be the measure of your men. 
Never give your men reason to believe that the only way 
to get ahead is to become your pal. Practice the princi- 
ples of leadership and supervision until they become sec- 
ond nature. 

INSPEC TION.— The supervisor's function as an inspec - 
tor is vital to the efficiency and safety of an electric and 
instrument shop. Frequent and thorough inspections are 
necessary to attain this twofold objective. On the one 
hand, check for cleanliness, the proper use of tools and 
equipment, and strict compliance with all safety precau- 
tions; on the other, insist on quality work. By training 
your men to keep the shop clean and orderly, you are 
encouraging orderly thought and systematic work habits 
which will be directly reflected in high quality workman- 
ship. Through inspection you insure that jobs are pro- 
duced with the most efficient and economical use of equip- 
ment and materials, and that workis performed in a safe 
manner. 


TRAINING 


The Navy rightly places great emphasis on effective 
and continuous rate training. As you advance in seniority, 
it becomes your legal, moral, and practical responsibility 
to carry out a training program which is thevery best of 
which you are capable. — 


27 


It is your legal responsibility because your qualifica- 
tions for advancement in rating clearly demand that you 
be able to set up and execute an effective training pro- 
gram. 

Less explicit, but just as real, are the moral consid- 
erations involved. First of all, you are getting paid to do 
a job. Second, you are in a position of trust because of 
your greater experience and technical knowledge. For 
instance, pilots will most readily accept and fly aircraft 
that you, the senior shop electrician, have worked on. To 
insure that they have equal confidence in the work of your 
junior men, they must be convinced that these men can 
do specific jobs as well as you yourself can. The only 
way you can obtain such proficiency in your men is to 
train them thoroughly. 

Most important of all, there are practical aspects to 
the need for an excellent training program. Your squad- 
ron's operational readiness depends largely on the ability 
of its maintenance department. In turn, an important part 
of the maintenance department's work is done by the Avi- 
ation Electricians. Consequently, the quality and scope 
of your training program has a very real effect on your 
squadron's effectiveness, and thus on national security. .- 
Another practical, though more personal, aspect to con-, : 
sider is that your own job is made easier each time a 
junior manis taught todoa job without close supervision. 
Also, when your shop gains the reputation of a "'can-do"' 
team, it reflects well on your own prestige. 

PLANNING A TRAINING PROGRAM.—The very first 
phase in developing your training program should be to 
determine and fix its objectives. On the squadron level, 
these objectives should be: 

1. Training of men on subjects of a general nature as 
specified by the Qualifications for Advancementin Rating. 
(These appear in this courseas appendixIII.) This train- 
ing is intended primarily toaid the men in rate advance- 
ment. 

2. Training of men on specialized subjects, namely, 
the circuits and equipment used in the squadron air- 
craft. This training is intended primarily to improve 
their daily working proficiency, and thus is generally of 
more direct benefit.to the squadron than rate-advancement 
‘ training. 


28 


The second phase in developing your training program 
includes a considerable number of steps. The most 
important of these are: 

1. Evaluate each man tobe instructed, for the purpose 
of determining the starting level of the subject matter. 
For instance, if one or more of your men has never 
attended a service school, you must commence instruc- 
tion at the level of fundamental electricity. 

2. List the subjects to be taught. The inclusion of a 
number of the items on this list will be dictated by the 
Manual of Qualifications for Advancement in Rating. 
These will be general subjects, a very few of which are 
electron theory, ohm's law, capacitive and inductive 
characteristics, and fundamental transformer theory. 
The remainder of the list will be made up of specialized 
items pertaining only to the particular squadron's aircraft. 

3. Search out reference books or publications which 
cover all the items of the foregoing list. You must thor- 
oughly understand eachitem yourself. At this same time, 
the subjects should be arranged in the most logical 
sequence for teaching. 

4. Prepare a lesson plan for each subject. When the 
lesson plans are completed, they will have tobe approved 
by the maintenance officer, because he is officially re- 
sponsible for the contents of such training programs. 

5. Procure space for carrying out the lecture-type 
portion of your program. This will usually be in the 
electric shop. However, if other space is available, you 
should check such features as possible seating arrange- 
ments, ventilation, lighting, and outside noise levels. 

TRAINING MATERIALS.—There will be a limited 
number of items of training materials used in a squadron- 
level training program. Obviously, it would not be prac- 
tical to build visual aids such as mock-ups and models, 
as is done in service schools. Your list of materials for 
the students probably will include only note pads, pencils, 
and as many study texts as you can procure from various 
sources. Your own essential materials will include lesson 
plans, training records, a blackboard and chalk. The 
required materials will depend mostly on your individual 
situation. For instance, if you are in aconstantly moving 
carrier air group unit, your blackboard should be porta- 
ble, and should fit in a cruise box. For teaching a patrol 
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squadron crew, the blackboard could be larger and per- 
manently attached to a bulkhead. 

TRAINING METHODS.-—Training methods cover a 
large field, which is a course of study in itself. A closer 
and more detailed study of this fieldis made in the Manual 
for Navy Instructors, NavPers 16103-B. Also, the Mili- 
tary Requirements training courses, NavPers 10054, 
10056, and 10057 contain information on training. 

Only the simplest methods of training are mentioned 
here, but these should be sufficient for informal squadron- 
level instruction. The first lessons in your training pro- 
gram should deal with electrical fundamentals. These 
serve to prepare the men for the subsequent teaching of 
specialized equipment. Fundamentals will be taught 
mostly by lecturing and using a blackboard to illustrate 
important points. You should keep in mind during this 
stage that you are teaching general principles and terms 
which will be used verbatim when you teach specific cir- 
cuits lateron. That is, you mustcover such fundamentals 
as vacuum tube theory and magnetic amplifiers so thor- 
oughly that no question as to their operating principles 
will arise when they are later encountered in equipment. 

The teaching of fundamentals on the squadron level is 
more difficult than at service schools, because you prob- 
ably will not have the means to make demonstrations, or 
to set up lab problems. Consequently, some parts of the 
fundamental lessons will have tobe carried over into the 
equipment phases. For instance, it can be stated in the 
classroom that series motors in general have high start- 
ing torques. Later, to demonstrate this point, while op- 
erating the specific landing gear circuit used in your 
squadron's aircraft, you can focus the student's attention 
on the fact that the landing gear motor (which is a series 
motor) attains its top speed almost instantaneously each 
time it is actuated. Thus, the student makes a mental 
connection between the statement of a general theory, 
anda factual example of that theory at work. This method 
of training is very effective. 

At its best, classroom instruction is limited in effect. 
Really useful and practical knowledge is gained by your 
students when they apply fundamental and theoretical 
teachings to actual equipment. When you have advanced 
to the point of commencing instruction on specialized 
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squadron aircraft equipment, your training methods must 
be changed somewhat. These changes will involve break- 
ing each lesson into four stages, when teaching equipment. 
These stages are: 

1. Extensive circuit theory and unit function, refer- 
encing HMI. 

2. Operation and observation of the equipment in action, 
done by the student at the aircraft, under your supervision. 

3. Making calibration or adjustment, done only when 
such adjustments are actually needed, and under your 
supervision. 

4. Signal tracing, trouble isolation, and parts replace- 
ment, done when actually needed, and under your super- 
vision. 

Each equipment lesson will deal withonly one electri- 
cal circuit or set at a time, and as many of the foregoing 
four steps as possible will be carried out in turn. In 
most cases only steps 1 and 2 will be carried out as rou- 
tine instruction. Then, when you receive a discrepancy 
report on acircuit which has been taught through steps 
1 and 2, one or more of your students may accompany 
you to the aircraft and carry out steps 3 and 4. This 
method of training is thus seen to serve a dual purpose; 
it gets your men trained to do a job (the second time 
without your direct supervision), and also routine main- 
tenance work is accomplished. 

TRAINING RECORDS.—From the foregoing, it is ap- 
parent that different men may become trained to differ- 
ent levels on different equipment. This is true because 
some may miss lessons at times. There is also the 
probability of personnel turnover. Obviously, you must 
see that a training record is carefully kept on each man, 
with an entry made each time he has undergone any of 
the four stages of instruction. A very good form to use 
is shown in figure 1-3. By using this form, a man's 
training level for any particular circuit or set may be 
determined at a glance. 

SCHEDULED TRAINING.—It must be assumed from 
the start that an inflexible training schedule will not work. 
The extreme variations in routine maintenance workload 
willnot permita fixed schedule. Therefore, training time 
must be taken whenever it is available. That is, it is 
scheduled only to the extent that it will be done if at all 
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Figure 1-3.—Training chart. 


possible some time during the day, but the time will 
vary. When training is absolutely precluded by a heavy 
workload, it should be noted in the daily work log. 
Thus, the time can be made up when the workload is 
lighter. 

NONSCHEDULED TRAINING.—This consists merely 
of seizing unforeseen opportunities for purposes of train- 
ing. For instance, a trim-tab actuator lying on a work- 
bench may present the opportunity for you to launch into 
a discussion of it. This would be an ideal time for you 
to point out such features as the location of the actuator's 
throw-limit microswitches, the direction in which toturn 
the adjustments, where safety wire could be attached, and 
how the actuator is mounted in the aircraft. Remember, 
any information youare ableto pass to your men, regard- 
less of time, place, or subject matter, is actually a form 
of training. You should, however, keep careful track of 
what you have taught, and how thoroughly each subject 
has been covered. 
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QUIZ 


The person who controls personnel assignment within 
divisions is the 

a. Maintenance Officer 

b. Division Officer 

c. Commanding Officer 

d. Personnel Officer 
Navy Training Courses are designed to be self-taught 
because 

a. Navymenare smart enoughto understand them 

b. some men dependon themasa sourceof knowl- 

edge in order to advance 

c. it makes it easier to learn 

d. the Navy says they are the best method 
The responsibility for workthat is performed belongs 
to the 

a. Division Officer 

b. shop supervisor 

c. man who does the work 

d. petty officers in the shop 
A good rule to remember isto censure privately and 
praise 

a. at no time 

b. to please a person 

c. in private 

d. in public 
The person responsible for the preparation of FURS 
is the 

a. Supply Officer 

b. man who removes the defective part 

c. shop chief 

d. Division Officer 


- A book containing the ''do's and don'ts'"' of leadershipis 


a. Military Requirments 3 and 2 
b. Manual of Leadership 

c. Military Requirements 1 and C 
d. How to Lead Men, Volume II 


- Divisions coded AM-11 through AM-15 are 


a. line divisions 

b. staff divisions 

Cc. maintenance divisions 
d. working divisions 


- Military Requirements 3 and 2 are concerned pri- 


marily with knowledge that a petty officer must 
possess to 
a. pass his second class exams 
b. work independently and assume leadership 
duties 
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9. 


10. 


ll. 


12, 


13. 


14, 


15. 


16, 


c. stand shore patrol duty 

d. be a master at arms 
Your attitude toward the chain of command is impor- 
tant because 

a. the men depend on your good attitude 

b. youcannot operate without the chain of command 

c. things couldn't get done otherwise 

d. the whole structure of the Navy depends on as- 

cending and descending responsibilities 

The upkeep of the A C status board is the responsi- 
bility of what division ? 

a. Electronics 

b. Logs and publications 

c. Planning 

d. Maintenance 
Hangar maintenance is classified as 

a. C 

b. D 

c. E 

d. F 
The manufacture of nonavailable parts is normally 
done by class 

a. A maintenance 

b. B maintenance 

c. C maintenance 

d. D maintenance 
Voluntary discipline means that 

a. a person works because he wants to 

b. men work because they are told to 

c. the men work because they fear punishment 

d. the men discipline themselves when necessary 
The first phase in developing your training course 
should be to 

a. select a room 

b. obtain training aids 

c. train in basic things first 

d. determine and fix its objectives 
A work status report is prepared 

a. daily by the shop chief 

b. weekly by the shop chief 

c. daily by the planning division 

d. weekly by the planning division 
A SAMI is known as a 

a. single action maintenance instruction 

b. standing work order 

c. work order 

d. service change metal installation 
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CHAPTER 





SUPPLY AND PUBLICATIONS 
AVIATION SUPPLY 
Your Job in Supply 


It is important that all naval personnel have a general 
knowledge of the principles of our present supply system 
in order to fully and correctly utilize the system. It is 
of primary importance that administrative and supervi- 
sory personnel have a working knowledge of the methods 
used to obtain and properly account for their particular 
supplies. 

The first part of this chapter outlines your functions 
with regard to supply and tells you in a general way what 
you should know and be able to do in fulfilling this part 
of your job. Asa first class or chief, you will probably 
be either fully or partially in charge of maintenance and 
operation in your division. You will, therefore, be in- 
strumental in seeing that an adequate supply of spare 
parts and other materials are available,and also you will 
help in planning for future needs. These, in general, are 
your main responsibilities with regard to supply. 

A section of chapter 17 in the Navy Training Course, 
AE 3 & 2, NavPers 10348, contains introductory informa- 
tion dealing with aviation supply. Some of the topics 
covered are—(1) the federal cataloging system, (2) the 
Federal Stock Catalog, (3) the Aviation Supply Office, and 
(4) ordering parts and equipment. Most of the information 
relates to the procedures that should be followed when 
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preparing requisitions. If you arenot familiar with these 
aspects of aviation supply, it is suggested that you refer 
to chapter 17 of AE 3 & 2, 


Aviation Supply Organization 


The Bureau of Supplies and Accounts (BuSandA) is the 
Navy's organization for determining policies and outlining 
the procedure to be followed in performing supply and 
fiscal functions both afloat and ashore. Specific and de- 
tailed information on Navy supply is contained in the 
Bureau of Supplies and Accounts Manual. 

The Aviation Supply Office (ASO) is a joint agency of 
the Bureau of Supplies and Accounts and the Bureau of 
Aeronautics, and is charged with the exercise of inven- 
tory control for aviation material. It does not stock ma- 
terials but serves as the control center. 

The primary functions of ASO are as follows: 

1. Procurement of most: aeronautical supplies from 
manufacturer or other Government departments. 

2. Disposal of surplus materials. 

3. Distribution, storage, andinventory control of aero- 
nautical materials after procurement. 

4. Completion of statistical information toaid infuture 
procurement and distribution of aeronautical materials. 

5. Classifying and cataloging of aeronautical mate- 
rials, and the distribution of such materials. 

6. General control and rationing of critical aeronau- 
tical materials with the exception of that material con- 
trolled directly by BuAer and Fleet Commands. 

NOTE: The ASO controls most of the aviation electric 
and instrument equipment; however, some components, 
such as electron tubes,are under thecontrol of the Elec- 
tronics Supply Office (ESO). The trend is to transfer all 
parts that have common usage throughout the Navy to the 
ESO. 

MATERIAL CONTROL.—The distribution of all avia- 
tion material is under the control of some office or 
bureau of the Navy Department or Fleet Command. That 
material under the latter control is known as fleet- 
controlled material and includes those items that are 
critical due to shortages of supply. Designation of items 
as fleet-controlled material is made by ASO in the ASO 
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Monthly Critical List on the basis of recommendations 
made bythe Fleet Commands. Distribution and issuances 
of fleet-controlled material is made only upon the approval 
of representatives of the fleet. 

The theory behind this system of rationingis that such 
scarce materials must be used where needed most, and 
the respective Fleet Commands, being well acquainted 
with their own operational requirements, are the people 
most aware of which activity will have the greatest need 
for each item of critical material. 

Distribution of most electrical and instrument items 
of aeronautical material is under the control of the Bureau 
of Aeronautics. The nature of the material determines 
the cognizant agency. Inventory control for the majority 
of material under the cognizance of BuAer is delegated 
to ASO. 

A partial listing of the control symbols and the cogni- 
zant control office or bureau that should be of interest to 
the Aviation Electrician is as follows: 


Cognizance control Cognizance supply control 
symbol office or bureau 

ING at's; e Serel as deh se), We ee Electronic Supply Office 

Rs oe Sar eee Aviation Supply Office 

M -see eee Seok ae ee Bureau of Aeronautics 

a Se ee eee ee ear Forms and Publications 


Supply Office 


DISTRIBUTION.—To facilitate distribution of aero- 
nautical material, the Aviation Supply Office has estab- 
lished several supply activities. These are: 

1. Reserve stock points. 

2. Distribution stock points. 

3. Primary stock points. 

4. Secondary stock points. 

5. Satellites. 

The function of each of the supply activities is as 
follows: 

RESERVE STOCK POINTS are activities which carry 
reserve and backup stock for the supply system. These 
units maintain storehouse facilities for the bulk storage 
of aeronautical material. 
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DISTRIBUTION STOCK POINTS are activities carry- 
ing stock for the supply support of designated primary 
and secondary stock points. 

PRIMARY STOCK POINTS are units carrying stock 
for their own consumption and for the supply support of 
designated activities as secondary stock points, fleet 
units, yards, district craft, and assigned aircraft. Pri- 
mary stock points also furnish complete aeronautical 
supply support to activities designated as satellites. 

SECONDARY STOCK POINTS are nonreporting units 
which carry stock for their own consumption and for the 
support of assigned aircraft. These activities are shore- 
based units, continental or extracontinental, which are 
not classified at a higher level. 

SATELLITES are aeronautical activities which are 


— 


dependent on a primary stock point for complete aero- | 


nautical supply support. Such activities will usually be 


an auxiliary air station, air facilities, and other minor ° 


supply activities. 
The relationship existing between the various units of 


the aviation supply system can be understood better by | 
studying the flow chart of aeronautical material shown in | 


figure 2-1. 


Federal Cataloging System 


The cataloging system developed by the Department of | 


Defense is such that a single listing has been developed 
that applies to all governmental agencies. This system 
identifies with one name and number any item of supply 


that is carried in any or all governmental agencies. In — 
other words, there is one name and stock number for a 


given item of supply. 


A single Federal Stock Catalog, consisting of a num- | 
ber of volumes, sections, and supplements, contains all | 
of the items stocked by the many governmental agencies. . 


The section of this catalog that contains most of the parts 
that you will order is comprised of Navy Stock Lists. 


Navy Stock Lists 


To order material and to assure receipt of it by your 


division, a requisition is completed and submitted to | 
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BUREAU OF 
AERONAUTICS 





CONTRACTORS 
RESERVE STOCK DISTRIBUTION 
POINTS POINTS 
PRIMARY 
STOCK POINTS 


SECONDARY 
STOCK POINTS SATELLITES 


Figure 2-1.—Flow chart of aeronautical material. 


Supply. But, to be sure the material is received, more 
must be done than list on a requisition form the names 
of the items wanted. 


The Navy Stock Lists of the Aviation Supply Office, is 
the basic stock catalog used by aviation supply personnel. 
These lists contain the answers to the majority of the 
material problems in aviation supply; and because of this, 
a rather complete knowledge of their contents and use 
will prove of untold value to the electrician. 


By spending some of your spare time in becoming 
familiar with these lists and other supply publications, 
you will be ina position to expedite parts requisitions 
when time may be ata premium. A description of these 
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lists may be found in the Navy Training Course, Aviation 
Storekeeper 3 & 2, NavPers 10398. 


Procurement 


A high degree of aircraft availability is impossible to 
maintain unless there is anadequate supply of spare parts 
and materials. The maintenance spares and parts your 
activity will be permitted to carry on hand will be gov- 
erned by the classification given the activity by the Bureau 
of Aeronautics. The amount of material provided is de- 
termined bythe BuAer Jmitial Outfitting Lists and Allow- 
ance Lists (the term allowance lists generally refers to 
both). These lists are used at the time of initial com- 
missioning or reactivation of a unit. They are lists of 
equipment and material determined from known or esti- 
mated requirements as necessary to place and maintain 
aeronautical activities in a material readiness condition. 

Information relating to ordering material is given in 
chapter 17 of AE 3 & 2, NavPers 10348, and will not be 
repeated in this chapter. 

When ordering allowance lists, be sure to specify 
clearly the lists desired by section (alphabetical desig- 
nation), title, effective issue date, and NavAer number. 
All applicable changes to basic lists will beincluded with 
the original lists. In the event the issue requested has 
been superseded, the latest effective reissue with all 
applicable changes will be furnished. Allowance lists are 
reissued periodically. When new issues or reissues are 
published, they-will be listed in the next reissue or sup- 
plement of the Naval Aeronautic Publications Index 
(NavAer 00-500). 

Allowance lists are divided into sections which per- 
tain to operating equipment, the aircraft, and equipment 
of the aircraft. Each section is designated by a letter 
such as B, R, X, or Z. Some sections are issued as in- 
dividual publications while other sections are issued ina 
series of publications, each of which pertains to a specific 
model of equipment or aircraft. 

Some of the lists that are of major interest tothe Avi- 
ation Electrician are as follows: 

1. Airframe and Engine Maintenance Parts, Section B 
(NavAer 00-35QB). These are initial outfitting lists that 


40 


list peculiar maintenance parts (airframe, engine, acces- 
sories) required for the maintenance support of the con- 
cerned aircraft. 

2. Shop Handling and Servicing Equipment, Section G 
(NavAer 00-35QG). These are allowance lists that list 
shop, hangar, deck, handling, and servicing equipment 
required for the maintenance support of aircraft afloat 
and ashore. 

3. Naval Aeronautic Publications and Forms, Section 
K (NavAer 00-35QK). 

4. Standard Hand Tools for Aircraft Maintenance Ac- 
tivities, Section U (NavAer 00-35QU). 

5. Section X (NavAer 00-35QX). These lists concern 
automatic pilots and compasses. 

6. Section Z (NavAer 00-35QZ). These are listings 
of maintenance parts required for the maintenance sup- 
port of mobile electric power plants. 

Allowance lists can beof much use in identifying sup- 
ply stock items since they are a listing of material that 
is consumed but not always stocked by the operating 
squadronor FASRon. The lists have been made available 
to squadrons and all fleet activities to be used as a ready 
reference when ordering from the stocks of the support- 
ing supply activity. Materials represented by these lists 
are available to Navy squadrons through "Ready-Issue 
Stores." 

Initial Outfitting Lists and Allowance Lists should be 
considered as a necessary instrument in material rela- 
tions between the shore establishment and the needing 
unit. The squadron or FASRon electronics officer is 
directly concerned with lists covering shop and mainte- 
nance (operational) equipment in order to determine that 
all items required for a satisfactory state of material 
readiness are on hand. 

ACCOUNTABILITY SYMBOLS. —The level of account- 
ability for all material is not the same. This level is 
established by the accountability symbol assigned by the 
Bureau of Aeronautics. All items received will be iden- 
tified with a symbol that determines the type of account- 
ability required. The symbol for a particular item may 
be obtained from allowance lists and also from the stock 
number data section of the Navy Stock List of the Aviation 
Supply Office. In allowance lists the symbol is placed in 
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a column to the right of the listed item; the symbol is 
stamped on the nameplates of serialized components. 

Accountability symbols are useful when— 

. Requisitioning material. 

. Accounting for material that is in use. 

. Disposing of material (turn-in). 

. Processing material for repair or overhaul. 
. Accounting for lost items. 

Accountability symbols are as follows: 

1. A~—Plant property. 

2. C—Consumable. These items are considered ex- 
pendable or consumed in use, and are issued without a 
turn-in of the replaced item. 

3. D—Disposal. These items are technical aviation 
material and are not issued for replacement purposes 
without a turn-in of the replaced item. 

4. E—Equipage. These items are maintained on a 
custodial signature basis and will be surveyed when lost 
or missing. 

9. O—Repairable plant property. 

6. R—Repairable. These items are not issued for 
replacement withouta turn-in of the replaceditem. How- 
ever, they may be drawn for initial installation without a 
turn-in. 

INVENTORY CONTROL.—Inventory control may be 
defined as "the formulation and administration of a sys- 
tem of policies and directives concerned with the deter- 
mination of requirements or excesses and the action nec- 
essary to satisfy such requirements or dispose of such 
excesses.'' Examples of activities that perform these 
functions, under overall BuSandA direction, are the Avi- 
ation Supply Office (Philadelphia), and the Electronics 

Supply Office (Great Lakes). 

Within the inventory control operation of the shore 
establishment, Ready-Issue Stores and Shop Stores are 
for the purpose of getting spare parts and consumables 
as close to the user as possible and still keep the mate- 
rials in the accounts of the Navy until they are really 
needed. 

The FASRon's have the responsibility for establishing 
and operating the ready-issue stores under a Supply Corps 
officer of the shore activity. The range and quantity of 
items carried is determined by the supply officer, guided 
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by usage data, applicable allowance lists, and recom- 
mendations submitted by the units supported. A particu- 
lar effort is made to stock parts and material for which 
thereis the greatest demand, although quantities of items 
carried normally will not exceed requirements for 60 
dave: % 

Shop stores are operated in somewhat the same man- 
ner as ready-issue stores except that they are located 
primarily in industrial or repair activity shop areas, 
such as in an Overhaul and Repair Department of an air 
station. Therefore, stock is specialized, stock control 
and issue are simplified, and the store is operated by 
personnel whoare connected with theshop concerned and 
familiar with its material requirements. 

An inventory is the process of counting and recording 
the actual quantities of material on hand. Its primary 
purpose is to bring quantities shown on stock records 
into balance with actual quantities on hand. 

You will be concerned primarily with inventorying air- 
craft electrical “equipment, assemblies, subassemblies, 
parts, and associated equipment. Whether prescribed 
locally or by the controlling authority, inventories pro- 
vide a basis for (1) requisitioning material, (2), account- 
ing for use of material,and (3) disposition of excess ma- 
terial. Controlling activities normally supply inventory 
forms specifically designed for reporting categories of 
equipments for which they have cognizance. 

SOURCE CODES.—Source codes are codes which indi- 
cate to a consumer a source for a part required in the 
maintenance or repair of an aeronautical article. Spe- 
cifically, these codes indicate whether the material is to 
be requisitioned from the supply system; to be manufac- 
tured; to be obtained from salvage; not to be replaced 
since the next higher assembly is to be installed; not to 
be replaced due to the impracticability of replacement; 
to be procured for the specific requirement; to use local 
discretion regarding obtaining a replacement; or failure 
of the part indicates a requirement for complete overhaul 
or scrapping of the assembly or equipment. 

When ordering a part of an electrical or instrument 
equipment, always check the source code since this may 
enable you to prevent much delay in procuring the item. 
For example,anitem may beavailable only to an overhaul 
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and repair activity and by knowing this you will not sub- 
mit an incorrect requisition for that particular item. 
These codes are listed in the Illustrated Parts Break- 
downs adjacent to the named part. 

Source codes are assigned by BuAer with the assist- 
ance and recommendations of the Fleet, ASO, O&R ac- 
tivities, and others. Anticipated or known usage is the 
primary factor in the assignment of source codes. 

It should be noted that bulk materials, standard AN 
hardware, washers, nuts and bolts, and so forth are not 
assigned code numbers but are stocked and considered 
as items of normal inventory stock control. 

Source codes that apply to most of the equipment and 
parts that the Aviation Electrician is required to work 
with are as follows: 

Source code P applies to items which are purchased 
in view of known or anticipated usage and which are rel- 
atively simple to manufacture within the Navy, as neces- 
sary. 

Source code P1 applies to items which are purchased 
in view of known or anticipated usage and which are very 
difficult, impractical, or uneconomical to manufacture 
within the Navy. 

Source code P2 applies toitems for which little usage 
is anticipated but which are purchased in limited quantity 
for insurance purposes. Items coded P2 are difficult to 
manufacture, require special tooling and/or stock not 
normally available within the Naval Establishment, or 
require long production lead time. 

Source code P3 applies todetail items which are pur- 
chased in quantity in accordance with the life expectancy 
of the part. Items coded P3 are deteriorative in nature 
and may require special storage conditions. 

Source code M-F applies to items which are capable 
of being manufactured within Class C, D, E, or F activi- 
ties. Items coded M-F have no anticipated or relatively 
low usage,nor dothey possess restrictive installation or 
storage factors. With respect to support equipment, the 
manufacturing activity may alter the design, material, 
and/or processes provided that fit, function, use, and 
safety are not impaired. 

Source code M-O applies to items which are capable 
of ,.being manufactured within Class A or B activities. 
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Items coded M-O have no anticipated or relatively low 
usage, or possess restrictive installation or storage 
factors. | 

Source code A-F applies to assemblies which are not 
purchased but which are to be assembled within Class C, 
D, E, or F activities prior to installation. 

Source code A-O applies to assemblies which are not 
purchased but which are to be assembled within Class A 
or B activities prior to installation. 

Source code N applies to items which do not meet 
established criteria for stocking and which are normally 
readily available from commercial sources. These items 
are purchased on demand and are for immediate con- 
sumption and will not be stock numbered. 

A working knowledge of the source coding program will 
enable you to more efficiently carry out your duties in) 
effecting repair of electrical and instrument equipment 
witha minimum of delayin waiting for replacement parts. 
Source coding of aeronautical articles insures a more 
effective control over manufacturing and procurement, 
establishes a universal means of obtaining material, and 
eliminates questions in the electrician's mind as to the 
proper sources of supply. A description of the source 
codes isin the frontof the I/lustrated Parts Breakdowns. 
For detailed information on source codes refer to NavAer 
00-53B. 

RECORD OF MATERIAL ON ORDER.—A record of the 
material that you have on order will serve many functions. 
There will be many instances when there is confusion, 
loss of time,and misunderstanding in relation to whether 
or not a certain item has been ordered. Unless a record 
is kept there will be uncertainty until theitem is received 
or correspondence regarding the order presents some 
evidence. Records of material ordered will not only 
enable you to ascertain if it was ordered, but also the 
priority, date, by whom ordered, and for what unit of 
equipment. Also, this information will aid in the instal- 
lation or use of the material, for in many cases the time 
elapsed may be great and the man doing the work may not 
be present. The record that has been kept may be used 
as a reference. A suggested means of keeping such a 
record is to enter pertinent information on the back of 
the stub requisition that is retained in the electric shop. 
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Screening Electrical Equipment 


As a first class or chief, it will be your responsibility 
to determine if an electrical assembly or part should be 
repaired or turned into Supply for creait or disposition. 
By utilizing spare equipments, spare parts, tools, and 
test equipment provided or available, using or servicing 
activities should exert maximum effort to effect repairs 
to defective equipment within their own organization. 

When it becomes necessary to return material, there 
are prescribed procedures to be followed. The proce- 
dures are somewhat involved and require a great deal of 
effort but are set forth by the Supply Department of the 
Navy to facilitate this phase of electrical maintenance. 
All material that is returned should be identified with a 
color-coded tag or label. These denote whether the 
equipment or partis RFI, requires screening, is rejected, 
is repairable, or is a salvage component. Local instruc- 
tions will provide you with directions for labeling and 
tagging your equipment. 

Electrical equipment in need of repair or overhaul is 
returned to Supply as prospective condition code RE or 
RB material. This identifies the material or equipment 
that requires screening and/or overhaul prior to being 
placed in a Ready for Issue (RFI) condition. 

Materials returned as excess equipment, that are in 
proper operating order, will be identified as RFI. 

Whenever activities are unable to effect repairs toa 
unit, assembly, or part which necessitates return toSup- 
ply for disposition and the requisitioning of replacement 
because of the lack of parts, tools, test equipment, or 
inadequate facilities,a report tothat effect shall be made 
tothe Bureau of Aeronautics for analysis and study. This 
report may be submitted as a comment on the failure 
report, by official letter, or other means. The informa- 
tion submitted will be used for purposes of planning, cor- 
recting deficiencies, and improving field maintenance. 

‘In the event a component or test feature of a specific 
item of test equipment is defective, and the cognizant 
activity desires to utilize temporarily the other compo- 
nents of the unit, the complete test equipment may be 
retainedand a requisition submitted tothe cognizant sup- 
ply officer. The requisition shall beara notation that the 
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unit is being retained pending receipt of a replacement. 
For more detailed information about repair of test equip- 
ment refer to BuAer Instruction 10550.5A. 


Material Reliability Reports 


The purpose of the Naval Aeronautical Material Relia- 
bility Program is to enablethe Bureau of Aeronautics and 
its contractors to rapidly perform both statistical and 
technical analyses of equipment failures and to take steps 
to insure that more reliable equipmentis developed. The 
major aspects of the program are the collecting, com- 
piling, and analyzing of service experience with naval 
aeronautical materials to determine areas of immediate 
failures ,and trends of impending failures, and to coordi- 
nate efforts to correct material deficiencies to improve 
flight safety, operational utility, and logistic support for 
operating aircraft. 

The Material Reliability Program utilizes two basic 
forms entitled "Failure, Unsatisfactory, or Removal 
Report,'' NavAer 3069, and "Electronic Failure Report," 
DD 787, for reporting all failures, faults, or malfunctions 
of aeronautical material. Operating activities are re- 
sponsible for the prompt submission of failure reports. 
As a first class or chief, you should insure that the 
reports submitted from your shop contain an accurate 
description of the failed item, including thecorrect stock 
number, part number, manufacturer, and contract num- 
ber. Extraordinary efforts should be made to determine 
precise causes of component failures or malfunctions 
that are involved in aircraft accidents and FLIGA's 
(forced landings, incidents, ground accidents). If the 
determination of the causes of failures or malfunctions 
in these categories is beyond the capabilities of the re- 
porting custodian and local supporting activities, priority 
disassembly and inspection reports or laboratory analy- 
sis reports, as appropriate, should be requested. 

The Navy Training Course AE 3 & 2, NavPers 10348, 
briefly describes the failure reports (FUR & EFR). It 
presents information as to their purpose, when they should 
be completed, who should complete them, and where they 
should besent. Additional information about these reports 
will be presented in this chapter; if you are not familiar 


47 


with the information contained in the AE 3 & 2 course you 
shouldrefer tochapter 17 of that course. Detailed infor- 
mation on FUR's and EFR's is containedin NavAer 00.58B. 

FAILURE, UNSATISFACTORY, OR REMOVAL RE- 
PORT (FUR).—Figure 2-2 illustrates a FUR report. 
Refer to this figure when studying the description of the 
material that is to be placed in each space. 
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Figure 2-2.—-FUR (NavAer 3069, Rev. 8-56.) 


Space 1. REPORTING ACTIVITY. Insert authorized 
activity designation, (VP-791, NAS Memphis, etc.) 

Space 2. REPORT SERIAL. Each reporting activity 
will assign serial numbers toreports, starting with serial 
1 at the beginning of each calendar year and progressing 
through serial 999. When reports from any activity ex- 
ceed 999, then the serial will recommence with serial 1. 

Space 3. DATE OF TROUBLE. Insert date fault or 
failure was actually encountered or found. 

Space 4. MAJOR COMMAND. Insert appropriate num - 
ber in space at right. 

Space 5. ITEM IDENTIFICATION. Insert correct 
stock number as obtained from catalogs or handbooks. 
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Space 6. MANUFACTURER'S CODE. Insert the cor- 
rect code for the contractor or manufacturer of the defi- 
cient part. Correct codes may be obtained from the 
nameplates of the part or assembly, from the IPB, or 
from section 0003 of the ASO Catalog. 

Space 7. ITEM PART NUMBER. Insert the manu- 
facturer's part number as obtained from the nameplate 
or otherwise appearing on the failed part. If nopart num- 
ber is affixed, leave this space blank. 

Space 8. ACCOUNTABILITY CODE. Insert proper 
material accountability code as appropriate. 

Space 9. ITEM NOMENCLATURE. Insert noun name 
of part or assembly in which failure occurred (actuator, 
starter, etc.). 

Space 10. QUANTITY. Insert quantity of the deficient 
part replaced on a specific aircraft, or received from 
supply. 

Space 11. OVERHAULED BY. Insert the appropriate 
overhaul activity code number in the space to the right. 
Overhaul activity may be determined from the decal or 
stamp on the part itself, or from logbook or accessory 
record cards. This space must be completed when item 
is known to have been overhauled. Do NOT complete if 
item has not been overhauled. 

Space 12. AIRCRAFT/MISSILE/ARRESTING GEAR/ 
CATAPULT MODEL. Insert the correct model such as 
F11F-2, AAM-N2, Mark 7, Mod 0, etc., in which the fail- 
ure or malfunction occurred. 

Space 13. SYSTEM/ENGIN E/ACCESSORY MODEL. 
Complete this entry as follows: 

(a) Whenan engine part is at fault, enter the complete 
engine model in this space, (J48-P8, R3350-30W, etc.). 

(b) When an engine accessory is faulty, enter the ac- 
cessory model in this space, (A7011E (fuel control), 
2CM7703 (starter generator), etc.). 

(c) When discrepancy cannot be determined to be 
either of the above, enter thesystem at fault in this space 
(electrical system, hydraulic system, etc.). 

Space 14. AIRCRAFT/MISSILE/ARRESTING GEAR/ 
CATAPULT BUREAU NUMBER. Insert the bureau num- 
ber or the bureau assigned serial number in which the 
deficiency occurred. Do NOT enter locally assigned 
numbers. 
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Space 15. ENGINE/ACCESSORY SERIAL NUMBER. 
Enter the serial number from the nameplate on the item 
in which failure or malfunction occurred. If accessory 
is noted in space 13, enter accessory serial number. 

Space 16. TIME. Insert the time the failed or faulty 
item had been in service prior to failure, since new or 
overhauled. Reported time in service should be obtained 
from the applicable logbook or accessory record card. 
When this information is not available, a reasonably ac- 
curate estimate of time in service should be given based 
on aircraft or engine time and considering usage of the 
reported part in relation to aircraft or engine usage. If 
report concerns unsatisfactory material received from 
the supply system, enter RFI. THIS ENTRY MUST BE 
COMPLETED ON ALL REPORTS. 

Space 17. OPERATING BASE. Insert the name or 
location of the base or ship from which the aircraft, mis- 
sile, arresting gear, or catapult is operated at the time 
the failure occurred. 

Space 18. CONTRACT NUMBER. Enter the contract 
number of the partor assembly in which failure occurred. 
This number may be obtained from the nameplate of the 
part or assembly, logbooks or accessory record cards, 
shipping boxes or cases, or shipping documents. 

Space 19. . TROUBLE RESULTED IN. Requires 
AMPFUR. Check one or two of the check boxes as appli- 
cable. Donot check more than two. When AAR or FLIGA 
is checked, enter applicable AAR or FLIGA serial num- 
ber in space 26 (Amplifying Remarks). 

Space 20. HOW TROUBLE NOTICED. Check box best 
describing general indication of howthe trouble was first 
noticed. Do not check more than one box. NOTE: If box 
eleven (11) or twelve (12) is checked, it is necessary that 
the report be designated an AMPFUR. 

Space 21. WHAT IS PART CONDITION? Check box 
which most appropriately describes the condition of the 
part failed or removed. Do not check more than one box. 
NOTE: If box eleven (11) or twelve (12) is checked, it is 
necessary that the report be designated an AMPFUR. 

Space 22. CAUSE OF TROUBLE. Check box which 
most appropriately describes the suspected cause for the 
reported failure or removal. NOTE: When boxtwelve (12) 
is checked, the report must be designated an AMPFUR. 
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Space 23. CIRCUMSTANCES. Check no more than 
one box in each group under this heading appropriate to 
the reported discrepancy. 


Space 24. DISPOSITION OF FAILED MATERIAL. 
Check one box todescribe the action taken to account for 
the removed or failed part. Special instructions for this 
entry are as follows: 

(a) When box 3, 4, or 5 is checked, the report must 
be designated an AMPFUR. 

(b) When box 3 is checked, the entry 'Show BASO or 
date returned to Supply" will be completed on the file 
copy only, to complete the reporting activity's material 
accountability records. 

(c) When box 4 is checked, complete both entries. If 
the part is released for O&R investigation by local ar- 
rangement due to proximity of a qualified Overhaul and 
Repair Department, and coordination with the cognizant 
BAMR has not been required, note the governing work 
request identification and date in the entry entitled ''Ref. 
Document specifying investigating O&R."' In all other 
cases, note the appropriate BAMR reference identifica- 
tion and date designating the Overhaul and Repair Depart- 
ment to perform the priority investigation. 

(d) When box 5 is checked, note the name of the con- 
tractor towhom the material is being released and obtain 
the signature of the contractor's authorized representa- 
tive on the FUR and file copies before submitting the 
report. 

(e) The entry "Final Disposition" at the bottom of 
space 24 will be completed on the file copy only whenever 
box 4 or 5 is checked. To complete the reporting activ- 
ity’s material accountability, this entry should show the 
identification and date of the document advising the dis- 
position of released material upon completion of the 
investigation. 


Space 25. STATEMENT OF TROUBLE. Not required 
on FUR's. 

Space 26. AMPLIFYING REMARKS. Not required on 
FUR's. 

Space 27. REPORT IS. Check appropriate box. Under 
no circumstances shall a report containing entries in 
space 25 or 26 be submitted as a FUR. 
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Space 28. SIGNATURE. This space will contain the 
signature of the qualified person designated to review and 
approve the report. 

Space 29. RANK/RATE. Insert appropriate rank or 
rate of the person approving the report. 

Space 30. DATE. Enter thedate the reportis mailed. 

When the failure report is submitted as an AMPFUR 
it shall contain the following additional information: 


1. STATEMENT OF TROUBLE (space 25). A brief 
concise statement of the difficulty experienced and what- 
ever corrective action was taken; for example, ''Genera- 
tor voltage fluctuates at high altitude due to rapid brush 
wear—Replaced brushes." The statement will be reviewed 
for publication in the tabulated section of the Reliability 
Digest only when the box to the left of this space is 
checked. Publication of the statement will be determined 
on the basis of general interest in the problem by all 
custodians of the aircraft or equipment in which the 
trouble was located. 


2. AMPLIFYING REMARKS (space 26). Enter all 
available information concerning the circumstances of 
the failure or malfunction. 

When priority investigation or corrective action is 
required, the report is designated as an URGENT or 
FLIGHT SAFETY AMPFUR, by checking box 2 or 3 in 
space 27. The election of a priority category will at 
times be directed by BuAer, by major commands, or by 
local commanders. In other cases, the election of a 
priority report will be the result of the reporting activ- 
ity’s operational needs or of a flight safety occurrence. 
The first known instance of a failure or malfunction need 
not result in priority report submission. In such in- 
stances, however, an URGENT AMPFUR may be sub- 
mittedand the material retainedfor 30 days. The follow- 
ing criteriaare suggested for priority report submission: 

1. URGENT AMPFUR 

a. Flight safety is not involved. 

b. Aircraft availability is seriously impaired for 
assigned mission as a result of a particular material 
deficiency. 

c. Major material deficiencies are experienced on 
newly assigned aircraft, or on new production aircraft. 
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d. No indication of corrective action being taken on 


» previously reported failures or malfunctions in which 


excessive maintenance timeis required. Activities should 
insure such problems have not been reviewed in the Re- 
liability Digest prior to report submission. 

e. Unusual occurrences of material failures for 


; which the cause cannot be determined. 


2. FLIGHT SAFETY AMPFUR 
a. Failure or malfunction is the primary cause of 


~ an aircraft accident, forced landing, or incident. 


b. The primary cause of an accident or incident is 


* undetermined, but a material deficiency was involved. 


c. Any other occurrence involving material defi- 
ciencies which in the opinion of the commanding officer 
involves flight safety. 

ELECTRONIC FAILURE REPORT (EFR).—Figure 2-3 


‘ illustrates an EFR. EFR's are submitted for all failures 
- or unsatisfactory conditions of electron tubes and elec- 


tronic or electrical parts, sets, or systems. A report 
must be submitted for each failure that occurs, or upon 


. determining that a part or tube is defective or unsatis- 


factory for any reason. In cases where two or more as- 
sociated parts are found to be defective, and doubt exists 
. 488 to which part is primarily at fault, each suspected 
part must be reported separately. Each report must 
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Figure 2-3.+EFR (DD 787). 
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refer to all other reports of the associated failure. All 
reports ofa multiple failure of the associated parts should 
then be fastened together to permit rapid evaluation. 
EFR's and FUR's should be submitted daily. Those re- 
ports that include amplifying remarks and photographic 
enclosures may be delayed for as many as three days. 

When preparing an EFR, itis necessary that you make 
all required entries to insure maximum benefit from the 
system. The entries on this form should be completed as 
follows (refer to fig. 2-3): 

Space 1. REPORT NUMBER. Each reporting activity 
will assign serial numbers to reports, starting with num- 
ber 1 at the beginning of each calendar year and progress- 
ing through number 999. When reports from an activity 
exceeds 999, the serials recommence with number 1. 
This cycling will be repeated as often as necessary dur- 
ing the calendar year. Do not use a calendar year suffix 
with this serial. 

Space 2. REPORTING ACTIVITY. Enter the name of 
the activity originating the report. Normally, this is the 
activity performing the maintenance, or the custodian of 
the item at the time of reporting. Abbreviated adminis- 
trative titles without prefixes shall be used,such as VP- 
791, VX-1, NAS Memphis, and so forth. Squadron detach- 
ments or units should use the parent squadron number 
and the detachment number or letter. 

Space 3. REPAIREDOR REPORTED. The EFRshould 
be signed by the person actually finding the trouble, or 
performing the maintenance or repair. Local procedures 
will be established for the review of EFR's by competent 
authority prior to submission. 

Space 4. DATE OF FAILURE. Insert date fault or 
failure was actually reported or detected. 

Space 5. EQUIPMENT INSTALLED IN (TYPE AND 
NO.). Insert the model and the bureau number of the 
aircraft in which the fault or failure occurred. When 
fault or failure is found during bench check of the equip- 
ment, insert the word BENCH. Do not use squadron air- 
craft numbers in lieu of the official bureau number. 

Spaces 6, 7, and 8 are not used by naval aeronautical 
activities. | 

Space 9. (EQUIPMENT) MODEL DESIGNATION AND 
MOD NUMBER. Insert the recognized designation of the 
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system or set in which the failure occurred, such as G-3 
autopilot, MA-1 compass, and so forth. 

Space 10. SERIAL NUMBER. This space will be used 
only when the set isa self-contained unit. When the fail- 
ure occurs in a unit of a set, space 14 will be used. 

Space 11. CONTRACTOR. When the equipment noted 
in space 9 is a self-contained unit, enter the proper code 
for the manufacturer. 

Space 12. CONTRACT NUMBER. Complete only when 
the equipment in space 9 is a self-contained unit. 

Space 13. (COMPONENT) MODEL DESIGNATION 
AND MOD NUMBER. This entry is the one most com- 
monly used in failure studies and will be used in prefer- 
ence to space 9 when the failure occurs in any unit of an 
equipment. 

Space 14. SERIAL NUMBER. Enter the serial num- 
ber of the unit (black box) in which failed part is located. 
This is obtained from the nameplate. 

Space 15. CONTRACTOR. Enter the code letters for 
the manufacturer of the unit in which failed part is lo- 
cated. This code is usually onthe nameplate or in appli- 
cable handbooks. 

Space 16. CONTRACT NUMBER. Enter thecontract, 
or order number for the unit in which failure occurred, 
when such information is available from the nameplate 
or other sources. 

Space 17, 18, 19, and 20. Use only when applicable. 
Information required is similar to that required for a 
unit and will be furnished only when a subassembly is 
specifically identified by these entries. 

Space 21. PART NAME OR TUBE TYPE. Enter the 
recognized name of the failed part (capacitor, resistor, 
motor, tube, etc.) and the tube type for tube failures (tube 
5654, tube 6X4-W, etc.). Ifa complete subassembly is 
replaced, enter the type,such as channel amplifier, pitch 
synchronizer, and so forth. 

Space 22. STOCK NUMBER. Enter correct stock 
number of the failed part as obtained from Navy Stock 
Lists, Section R Allowance Lists, or applicable equip- 
ment handbooks. 

Space 23. PART REF. DESIGNATOR. Enter the part 
reference designator (symbol number) of the failed part, 
such as B-101, C-101, R-304, V-209, and so forth, as 
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determined from the circuit diagram of the handbook for 
the particular equipment. 

Space 24. REPAIR TIME. Enter the actual time re- 
quired to isolate and repair the trouble reported. This 
time should be noted for the isolation and replacement of 
a single part. Where several parts contribute to an 
equipment failure and separate reports are submitted, 
the time for replacing each item should be calculated 
separately. 

Space 25. HOURS IN SERVICE. Enter the best avail- 
able operating time onthe item since new or overhauled. 
If time meters are not installed and no maintenance 
records are available, enter a reasonably accurate esti- 
mate of time in service. THIS ENTRY MUST BE COM- 
PLETED ON EACH EFR. 

Space 26. MANUFACTURER OF FAILED PART. 
When available, enter the code for the manufacturer of 
the failed part. Reports concerning electron tubes should 
always contain this entry. Correct codes are contained 
in the Aviation Supply Office Catalog, section 0003. 

Space 27. SERIAL NUMBER. This space should be 
completed only when the failed part contains a serial 
number. 

Space 28. WAS REPLACEMENT PART AVAILABLE 
LOCALLY? Check YES if replacement part was available 
in shop stores or in local supply stocks, otherwise check 
NO. 

Space 29. FIRST INDICATION OF TROUBLE. Check 
the one box which most appropriately describes the first 
indication of a fault or failure. 

Space 30. CHECK TYPE OF PART FAILURE, Check 
the one box which most appropriately describes the real 
or suspected condition of the part replaced. 

Space 31. CAUSE OF FAILURE. Check the one box 
most descriptive of the cause for the part failing. 

Space 32. WAS THE PART REPLACED DURING 
PREVENTIVE MAINTENANCE? Check as appropriate. 

Space 33. REMARKS. Enter all historical or engi- 
neering comments when available and when a failure 
warrants it. Comments may be continued on the reverse 
of the form or on separate sheets of bond paper and 
attached to the report. Photographs (8 x 10 inch, glossy 
finish), drawings, or sketches should be attached to the 
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EFR when such matter will assist in determining the 
areas or causes of failure. 


Maintenance Usage Data 


Maintenance usage data give percentages of replace- 
ment relative to hours of aircraft and equipment opera- 
tion. These percentages of replacement are applied to 
operational plans to determine probable future usage. 
Usage data are used in connection with the PURS (Pro- 
gram Usage Replenishment System) Program and as such 
it is the important part of that program because it fur- 
nishes data from the field and fleet. Usage data deter- 
mine the quantities of materials that will be placed on 
allowance lists. With that in mind, you can easily see the 
importance of the information that they contain. The lack 
of accurate and timely usage information can cause ma- 
terial shortages. Only a well-organized and smoothly 
functioning Usage Data Program can show realistic ma- 
terial needs, and reduce to a minimum the element of 
guess work in the determination of material requirements. 

Maintenance Usage Data Report forms are provided 
for the use of activities reporting usage data. The cover 
page of the form indicates the model aircraft or the type 
of avionic equipment for which usage data are being col- 
lected. Operating maintenance activities designated by 
the cognizant command use these forms as a usage re- 
port. Ultimate consumer activities such as carriers, 
tenders, FASRons, self-supporting aircraft squadrons, 
other designated squadrons, battleships, cruisers, Re- 
serve Air Stations, FAETU's, Air Reserve Training 
Units, and Marine Service Squadrons will be designated 
to submit usage reports. The reports are submitted 
monthly to the Aviation Supply Office. On the activity 
level, they are submitted by the Maintenance and/or 
Electronics Officer and approved by the commanding 
officer. 

The report forms consist of a cover page, instruction 
page, operational data and ''remarks" page, usage sec- 
tion, and ''write-in" page. These forms are distributed 
directly by ASO to the activities designated to submit 
usage data. Usage occurring on items not appearing in 
the form will be legibly 'written-in" on the blank page 
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provided. To be of value to ASO, utmost care should be 
exercised in fully identifying the "write-in" items re- 
ported. ‘"'Write-in" items must show the stock number 
(or manufacturer part number), brief nomenclature, unit 
of issue, and quantity used. For avionic "write-in" items, 
identify the usage by part number, reference symbol, and 
major assembly. 

Usage data are important and entail a great deal of 
work. An accounting of materials used must be made,so 
learn what should be doneand howto do it. The big prob- 
lem is not in filling out the necessary forms but it is one 
of keeping correct and up-to-date records of the materials 
that have been used. With proper records youshould ex-— 
perience little trouble in fulfilling this administrative 
responsibility of your rate. 


Aircraft Inventory Logs and Records 


An aircraft inventory log or inventory record is used 
to facilitate the transfer of naval aircraft between activ- 
ities giving assurance that the aircraft and its equipment 
are intact. No aircraft will be transferred or accepted 
without an inventory log or record. A log or record, as 
the case may be, is provided for each aircraft andis gen- 
erally kept by the log section of the maintenance depart- 
ment. Presently, both type reports (log or record) are 
used by the Navy; however, all new aircraft are provided 
with the record type report. 

The Standard Inventory Log is an official BuAer pub- 
lication bearing a NavAer designation applicable to each 
specific aircraft model. The Aircraft Inventory Record 
is a Department of Defense publication, and those pre- 
pared for the Navy do not bear a NavAer designation. 

The log is subdivided into groups of equipment (e.g. 
instrument and navigation, armament, and electronic). 
The components thereof are listed in alphabetical sequence 
and according to their location in the aircraft, with the 
exception of the electronic equipment, in which case all 
units of an equipment are listed in one place regardless 
of their location in the aircraft. Stock numbers are also 
supplied for individual items, and are used for ready 
reference when replacements are required. 
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The record includes a sectional breakdown diagram 
of the applicable aircraft. This diagram consists of a 
side elevation and/or the plan view of a wing, or in the 
case of twin-boomed or flying wing aircraft, the perspec- 
tive view. To facilitate inventorying, the sections of the 
diagram are identified by letters, the letter A being as- 
signed to the foremost section, B to the next, and so on, 
generally to the rear of the aircraft. The letter R, as 
part of the item number, denotes items mounted on the 
exterior of the fuselage, and the letter F denotes items 
to which access is gained from the fuselage. Subdivisions 
of sections may be identified by a lower-case letter such 
as Aa, Ac, and so forth. The equipment list portion of 
the record is divided into sections, each of which lists 
the items pertaining to a particular section of the air- 
craft, as indicated on the sectional breakdown diagram. 
Within each section, individual items are numbered as 
nearly as possible inthe sequence of their physical loca- 
tion in the aircraft without regard to their relation to 
specific equipment. Stock numbers are not supplied as 
part of the equipment listing in Inventory Records. 

Standard Inventory Logs are prepared and distributed 
by the Aviation Supply Office, and are kept as up-to-date 
as possible. Logs are distributed at the time of accept- 
ance of each new aircraft. Reissues and revisions are 
distributed direct to the reporting custodians. 

The Aircraft Inventory Record is prepared by the ap- 
plicable aircraft manufacturer, and delivered with each 
individual aircraft. They are kept up-to-date by the 
activity to which the alrcraft is assigned. 

Upon transfer of an aircraft, representatives from the 
transferring and receiving activities will jointly inventory 
and record, inthe appropriate column provided, the quan- 
tity of each item which is ascertained to be on board the 
aircraft at the time of transfer. In the case of missing 
items, the transferring activity will make every effort to 
locate the missing items or to withdraw from store the 
replacement items necessary to complete the inventory. 
If it is impossible to locate or supply the missing items, 
the notation "Missing items are not available” shall be 
placed on the Report of Inventory Form in the Standard 
Inventory Log or the Shortages Form in the Aircraft In- 
ventory. Record. An explanatory statement signed by the 
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transferring representative shall be placed with this form, 
indicating the authority for these shortages. On the basis 
of this statement, the receiving activity will fill the short- 
ages from stock and account for them in the normal 
manner. 

When an aircraft is stricken (disposed of), the Stand- 
ard Aircraft Inventory Log or Aircraft Inventory Record 
will normally be destroyed at the time of disposal of the 
aircraft. Inthe event thatan aircraftis being transferred 
to other agencies, private concerns, or other Govern- 
ments, and so forth, the inventory log or the record will 
be transferred with the aircraft as security regulations 
permit. On occasions when an accident causes strike of 
the aircraft, the inventory log or the record will be re- 
tained by the striking or salvaging activity as long as 
required by authorities conducting the investigation, and 
then destroyed. 


Survey of Material 


When property must be reevaluated or expended from 
the records due to loss, damage, deterioration, or nor- 
mal wear asurvey must be made to obtain proper author- 
ity to write this material off the books. The survey 
request provides a record showing the cause, condition, 
responsibility, recommendation for disposition, and 
authority to expend material from the records. Think of 
a survey as being an administrative examination into the 
cause of material being lost to use. Figure 2-4 shows 
the standard survey form that is used when a survey is 
made. 

A survey may be either informal or formal, depending 
on the circumstances. 

A formal survey is required for those classes of ma- 
terials or articles so designated by the bureau or office 
concerned, or when specifically directed by the command- 
ing officer. A formal survey is made by either a com- 
missioned officer or a board of three officers. At least 
one of the board officers must be commissioned. The 
commanding officer appoints those whoserve onthe sur- 
vey. Neither the commanding officer, the officer on 
whose records the material being surveyed is carried, 
nor the officer charged with the custody of the material 
being surveyed, may serve on a survey board. 
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Figure 2-4.—Survey Request, Report, and Expenditure (S. and A. 
Form 154). 


An informal survey is made bythe head of the depart- 
ment having custody of the material to be surveyed. In- 
formal surveys are used in all cases when a formal sur- 
vey is not required.or directed by the commanding officer. 

PREPARATION OF REQUEST FOR SURVEY.— You 
will not have the responsibility of preparing final survey 
forms; however, as a first class or chief, you are apt to 
be required to provide your division officer with certain 
information when heis making asurvey. Because of this, 
you should be familiar with the general procedures that 
are followed. 

A request for survey may be originated by a depart- 
ment, division, or section head or a designated subordi- 
nate as prescribed by local regulations. Normally, 
requests for survey are originated in the department 
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having custody of the material being surveyed. The initial 
survey request is madeon arough copy of S.and A. Form 
154. Astatement by the originator is placed on or attached 
to the request for survey relative to the condition of ma- 
terial; cause of condition surrounding the loss, damage, 
deterioration, or obsolescence of material; responsibility 
for cause or condition of material or reason why respon- 
sibility cannot be determined; and recommended disposi- 
tion of material or action to be taken. 


Upon receipt of the rough copy, the designated group | 


or section prepares a sufficient number of smooth copies 
of the request for distribution in accordance with local 
regulations. The smooth survey request is filled out 


down to the caption "Report." It is then forwarded to the | 
commanding officer who will determine whether the sur- ‘ 


vey will be formal or informal. If formal, the survey 
request is forwarded to the designated surveying offi- 
cer(s); if informal, it is forwarded to the head of a de- | 
partment for survey action. 


The statement by the originator as tocause, condition, . 


es So were 
x . : = 
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and so forth, is attached to the smooth request for survey | 


for evaluation by the surveying officer(s). After the sur- _ 


vey has been completed by the head of a department or 
surveying officer(s), it is returned to the commanding 
officer for review and action. After approval by the com- 


manding officer, the survey request is forwarded to the | 


cognizant Fleet Command and/or Bureau for final review 
and approval when so required. 


PUBLICATIONS 


As afirst class or chief, your responsibilities in con- 
nection with installation, adjusting, maintaining, and test- 
ing electrical and instrument equipment will be much 
greater than they were when you were a lower rated petty 
officer. You will be required to have quick and accurate 
answers to many questions. Since there is awide variety 
of this complex equipment, you cannot expect to have a 
ready answer to all questions. However, you can become 
familiar with the published materials that contain the 
answers and by so doing will be able to take positive 
action. Some of the publications that should prove most 
helpful will be discussed. 
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Chapter 17 of the training course AE 3 & 2, NavPers 
10348, contains a section on publications. The material 
is written primarily for the AE striker and the AE3. 
Coverage is given tovarious handbook publications issued 
by BuAer (HMI, HOI, HSI, IPB); general letter publications 
(BuAer Instructions and Notices, TO's and TN's); specific 
letter publications (Changes or Bulletins); the Naval 
Aeronautic Publications Index; and the Navy Directives 
System (Instructions and Notices). This information will 
not be repeated in this chapter. 


Specifications and Standards 


Specifications are written to insure that the products 
manufactured for the Navy meet certain requirements. 
They are written primarily for the manufacturer; how- 
ever, the information that they contain can be of much 
use at the operating or squadron level. 

Specifications are clear and accurate descriptions of 
technical requirements for a material, a product, or 
service. They include the procedure for determining 
that the requirements have been met. Specifications do 
not remain static after issue but are amendedor revised 
as conditions and requirements change. Those that are 
written for use by the Military Departments will be is- 
sued in either the federal or military series. They are 
printed in a standard size, 8 by 10-1/2 inches. Only the 
military series will be described since most of the spec- 
ifications that can be of use to you will be of this type. 

MILITARY SPECIFICATIONS.—Military specifica- 
tions (formerly known as Joint Army-Navy specifications) 
cover materials, products, or services used only or pre- 
dominantly by military activities. These specifications 
were issued first under the auspices of the Joint Army- 
Navy Specifications Board as JAN specifications. As 
existing JAN specifications are revised, the prefixes are 
changed to MIL although the number remains the same. 

Military specifications are identified by a symbol 
composed of three parts. These parts are the letters 
MIL followed by a single letter, which is the first letter 
of the first word in the title, and a nonsignificant serial ° 
number. Most of the specifications that can be of help to 
you are prepared by or under the direction of BuAer. 
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These are intended for use particularly in applications to 
naval aircraft, and as such will be the ones that should 
be available at your activity. 

The publication List of Military Specifications and 
Standards used by the Bureau of Aeronautics, NA 00-25- 
544, is a complete listing of the military specifications 
and standards used by the Bureau of Aeronautics. These 
specifications may be used as an aid inthe performance 
of a particular installation or test; they also provide an 
excellent source of information of a general nature. 

Examples of information that may be obtained from 
military’ specifications listed in this publication is as 
follows: 

MIL -C -7834, Compass Swinging, Aircraft 

MIL-E-7894A(ASG), Electric Power, Aircraft, Char- 
acteristics of 

MIL-B-5087A(ASG), Bonding, Electrical (For Aircraft) 

MIL-W-5088B(ASG), Wiring, Aircraft, Installation of 

MILITARY STANDARDS.—These include engineering 
practices, charts, categories of dimensional and functional 
details, graphs, formulas, and lists. They are normally 
issued in book form, but may be in unit page form when 
the standard requires only one sheet. These standards 
are identified by the symbol MIL-STD followed by a hyphen 
and Arabic numerals assigned to the standard. An example 
of a military standard is as follows: 

MIL-STD-15A, Electrical and Electronic Symbols 

The purpose of this standard is toestablish a uniform 
system of symbols for use on drawings of electric and 
electronic circuits. It establishes principles governing 
the formation and application of electrical and electronic 
symbols. Also, it provides alist of such symbols for elec- 
trical and electronic parts and assemblies or subassem- 
blies shown on diagrams (wiring, schematic, etc.). 

An index of military standards is contained in the pub- 
lication Military Specifications and Standards, NA 00-25- 
544, 


Aircraft Instruments and Accessories Bulletins 
These bulletins are issued in order that information 
and changes pertaining to various instruments and acces- 
sories may be more readily distributed and made available 
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to the units concerned. They are prepared, issued, and 
distributed by the Bureau of Aeronautics at irregular 
intervals, and are numbered consecutively for each year. 

The format of both the instruments and accessories 
bulletins is basically the same. A typical bulletin pre- 
sents information under the following headings: 

Subject: 

Publications Affected. 

Application. 

Compliance. 

Detailed Instructions. 

Parts Required. 

Parts Removed. 

Special Tools Required. 

Source of Parts. 

Man-Hours Required. 

Disposition of Parts Removed. 

Effect on Weight and Balance. 

Many times the nature of the information being pre- 
sented is such that every major heading need not be uti- 
lized. When this is the case, words such as "none," "not 
applicable," and so forth are inserted. 

These bulletins can be of much use in presenting new 
information. An up-to-date file should be maintained and 
it should be kept in an easily accessible place. 

The Naval Aeronautic Publications Index, NavAer 00- 
500, contains a listing of all current instruments and ac- 
cessoreis bulletins. Consult the general alphabetical 
index, located in the back of the index, for page number 
references for the listings of the bulletins. 


Type Command Bulletins and Instructions 


The final operational control of naval aviation rests 
with the Fleet and Task Force commanders. Yet, in a 
sense, the Commanders Naval Air Force U. S. Pacific 
Fleet and Atlantic Fleet direct naval aviation. They es- 
tablish policies regarding the organization, maintenance, 
and employment of fleet aviation; study the strategic sit- 
uation and make recommendations concerning the distri- 
bution of naval air forces; and advise the Fleet com- 
manders on air operations. Type commanders (COM- 
NAVAIRPAC and COMNAVAIRLANT) are responsible for 
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overhaul and maintenance of aircraft and supplies, for 
squadron training, and for the preparation of operational 
doctrines for all types of aircraft. In performing these 
functions COMNAVAIRPAC and COMNAVAIRLANT main- 
tain close liaison with DCNO (AIR) and the Bureau of 
Aeronautics. 

Type commanders issue technical publications, usu- 
ally in letter or directive form, that contain information 
for maintenance personnel. Bulletin type releases are 
usually used in promulgating this information. As of 
June 1957, COMNAVAIRPAC information was released 
in one of the following types of bulletins: 


Category 

General Aircraft Bulletin ........... GAB 
Model Aircraft Bulletin ............ AB 
General Engine Bulletin ............ GEB 
Model Engine Bulletin ...........0... EB 
Special Weapons Bulletin ........... SWB 
General Avionics Bulletin........... GAVB 
Aircraft Model Avionics Bulletin ...... AVB 
Catapult and Arresting Gear Bulletin ... CAGB 
General Support Equipment Bulletin .... GSEB 


Bulletins are numbered consecutively for one-year 
periods and include the calendar year. A bulletin for 
eachof the various categories is published during January 
which lists all effective bulletins. 

A typical aircraft technical bulletin as released by 
COMNAVAIRPAC is as follows: 


COMMANDER AIR FORCE 
UNITED STATES PACIFIC FLEET 
U. S. NAVAL AIR STATION, NORTH ISLAND 
SAN DIEGO, CALIFORNIA 


NAVAIRPAC 17231 
COMNAVAIRPAC GENERAL 
AVIONICS BULLETIN NO. 14-56 


INSTRUMENTS: PRESSURE TYPE ALTIMETER 


1. Purpose. To disseminate information to prevent the 
intermixing of pointer type and counter pointer type 
altimeters within a squadron. 
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2. Cancellation of Previous Directives. None 


3. Reference. (a) COMNAVAIRPAC msg 112331Z July 
NOTAL 

(b) BUAER spdltr ser Aer-AE-7121 ser 

011447 of 16 July 1957 NOTAL 


4. Enclosure. None 


5. Application. All aircraft (in particular, high per- 
formance aircraft). 


6. Information, By reference (a), the Chief, Bureau of 
Aeronautics was advised that F4D-1 aircraft are being 
received in fleet activities with a Kollsman Counter 
Pointer type altimeter installed. The Section "'"B" 
allowance list and illustrated parts breakdown for the 
F4D-1 aircraft specifies the pointer type altimeter. 
Consequently pointer type altimeters are being substi- 
tuted in F4D-1 aircraft for the counter pointer type. In 
addition, reference (a) advised that the intermixing of 
the two types of altimeter within the same unit was con- 
sidered unsafe. Reference (a) advised that first deliv- 
eries of F4D-1 aircraft were with the standard three 
pointer altimeter, but that F4D-1 aircraft now being 
delivered would have the counter pointer type altimeter, 
and that earlier aircraft would have the counter pointer 
type installed during the interim modification program. 
Reference (b) further advised that the counter pointer 
type altimeter is presently in production for installation 
in all high performance aircraft, and that installation 
would be consistent with production quantities available. 


7. Action. All units are directed to insure, wherever 
practicable, that only one type, either the pointer type 
or the counter pointer type altimeter is installed in all 
aircraft assigned. 


8. Reports required, None 
9. Log Book Entry. None 


10. Cancellation of this Directive. When directed 
COMNAVAIRPAC GENERAL 
AVIONICS BULLETIN 
NO. 14-56 
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SOURCES OF INFORMATION 


There are a great number of publications that pertain 
to your work. If properly used, they provide very useful 
information that can be of much help. It is the responsi- 
bility of your maintenance officer to make these publica- 
tions available to you. It is your responsibility to see 
that they are adequately used. 

The following sources of information, with brief de- 
scriptive statements, should prove helpful and are given 
as a ready reference. A suggested method whereby gen- 
eral interest materials may be readily available is to 
place them in suitable binders and keep them inthe shop. 

AE 3 & 2, NAVPERS 10348.—This is a Navy Training 
Course written to supply the enlisted AE striker and the 
AE3 with the information he needs to perform the duties 
of his rate and to prepare him for advancement. Itisa 
prerequisite to the material contained in this training . 
course (AE 1 & C). You should be thoroughly familiar 
with the contents of the AE 3 & 2 training course. 

AVIATION ELECTRICIAN'S MATE'S MANUAL, NAV- | 
AER 00-80T-59.—This is a manual that was prepared as . 
the home study phase of the rate training course for Avi- . 
ation Electrician's Mates of the Naval Air Reserve. It — 
presents the basic principles of electricity and its appli- | 
cations to aircraft equipment. Specific attention is given — 
to (1) the various means of providing and controlling | 
power for aircraft systems, (2) aircraft instruments and 
instrument systems, (3) automatic pilots, and (4) mainte- 
nance techniques. 

The manual is not written for a particular rate but is 
applicable to all of the rates within the rating. It is not 
as detailed as the Navy Training Courses (Basic Electric- 
ity, NavPers 10086; Basic Electronics , NavPers 10087; 
AE 3 & 2, NavPers 10348; and AE 1 & C, NavPers 10349) 
that have been written for the AE. However, it can be of © 
much use when studying for advancement and for present- : 
ing general information. | 

U. S. NAVY SAFETY PRECAUTIONS, OPNAV 34P1.- | 
This publication is a rather complete text on the subject ;. 
of naval safety and is the result of compiling all directives , 
and publications previously issued on the subject. All 
supervisory personnel should become familiar with the ; 
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chapters dealing with aviation and the chapter on electric- 
ity and electronics. 

SUBSTITUTION GUIDE FOR ELECTRON TUBES, 
TRANSISTORS, AND RECTIFYING CRYSTALS.—This 
publication is a part of the Navy Stock Lists. It is Sec- 
tion FSC 596 (Federal Stock Catalog) of the Electronics 
Supply Office catalog. As the title implies, it is a guide 
that may be used to determine what respective tubes, 
transistors, or rectifiers may be used interchangeably. 
Directions to be followed when locating a substitute item 
are included on the back side of the cover sheet. 

HANDBOOK OF OPERATION AND SERVICE IN- 
STRUCTIONS ON AN ELECTRICAL CONNECTORS, AN 
03-5-90.—This handbook covers the description, selec- 
tion, preparation, installation, and maintenance instruc- 
tions for commonly used AN connectors. It may serve 
as a source of general information for the electrician 
and also as a training guide for those inexperienced in 
the construction of cables using AN connectors. 

INDEX-TRANSMISSION LINES AND FITTINGS, NAV- 
SHIPS 900-102B (ASESA 49-29A).—This publication con- 
tains charts and tables which aid in the selection of 
proper cables and fittings to be used in constructing 
coaxial lines. 

REDUCTION OF RADIO INTERFERENCE IN AIR- 
CRAFT, NAVAER 16-1-521.—The purpose of this manual 
is to present information which will serve as a guide to 
the aviation industry and to naval aircraft maintenance 
activities for achievement and maintenance of the lowest 
practicable level of radio interference in naval aircraft. 
It may be used as a guide to enable you to determine the 
type of interference,:to locate its source, and to provide 
a means for its elimination or suppression. The infor- 
mation is presented under the following headings: 

1. Purpose. 

2. Types and Effects of Radio Interference. 

3. Sources of Radio Interference. 

4. Interference Coupling. 

9. Basic Installation Planning for Radio Interference 
Control. 

6. Radio Interference Reduction Components; Their 
Selection, Application, and Installation. 

7. Bonds and Bonding 
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8. Shields and Shielding. 
9. Testing for Radio Interference. 

10. Maintenance Aspects of Radio Interference. 

HANDBOOK, AIRCRAFT INSPECTION REQUIRE- 
MENTS.—These handbooks contain complete require- 
ments for periodic maintenance inspections and periodic 
replacement of accessories and components applicable 
to the aircraft to which the handbook pertains. They are 
used in the preparation of check sheets. These handbooks 
are of two types—(l) the Handbook of Inspection Require- : 
ments Daily and Preflight and (2) the Handbook of Inspec- ' 
tion Requirements Intermediate and Major. Such hand- . 
books are published for each particular model aircraft. - 

The Handbook of Inspection Requirements Daily and | 
Preflight is composed of the master copy of the Dailyand | 
Preflight Inspection Check Sheet(s) for that aircraft. 
These check sheets break down the daily and preflight 
inspection by aircraft sections and systems. 

The Handbook of Inspection Requirements Intermediate — 
and Major is composed of twoparts. Part 1 contains gen- 
eral instructions, definitions, special inspections, re- 
placement schedules, and a listing of applicable refer- 
ences. Part 2 is a master copy of the Intermediate and 
Major Inspection Check Sheet(s), organized by systems, 
including entry space for additional work to be performed, 
discrepancies noted and corrected, and parts added and 
removed during the inspection. 

HANDBOOK OF INSTALLATION PRACTICES FOR 
AIRCRAFT ELECTRIC AND ELECTRONIC WIRING, 
NAVAER 01-1A-505.—This handbook was written for the 
following purposes. 

1. To gather together under one cover the recom- 
mended practices and techniques to be used for installing, 
repairing, and maintaining aircraft electric wiring. 

2. To standardize these techniques and methods so 
that electrical installations will be done in a uniform 
manner. 

3. To indoctrinate all personnel with the importance 
of good workmanship. 

4. To point upthe failures which mayresult from poor _— 
workmanship. 

9. To promote safety by pointing out and prohibiting 
unsafe practices. 
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The information contained in the handbook represents 
the best current knowledge and practice in the aircraft 
electrical field. It has been compiled with the coopera- 
tion and assistance of the country's leading airframe 
manufacturers, airline operators, and military overhaul 
and repair bases. Many of the illustrations have been 
provided by the manufacturers of electrical accessories 
used in aircraft. 

The topics covered are (1) wire andcable preparation, 
(2) general purpose connectors, (3) RF connectors and 
cabling, (4) solderless terminations and splicings, (5) 
thermocouple wire soldering and installation, (6) bonding 
and grounding, (7) bus bar preparation, (8) conduit fabri- 
cation, (9) installation of bus bars, conduit, junction boxes, 
protective devices, and terminal strips, (10) electrical 
wiring installation, (11) lacing and tying, (12) safety wir- 
ing and (13) emergency repairs. 

You should make certain that copies of this handbook 
are readily available in the electric shop. It can be of 
much assistance to the leading petty officers for it con- 
tains the answers tomany special maintenance problems. 
Also, it is an excellent source of information for the 
strikers and lower rated men and you should use it asa 
teaching aid in carrying out your on-the-job training 
duties. 

AIRCRAFT ELECTRICAL POWER EQUIPMENT, 
NAVAER 17-15BA-500.—This is ahandbook that provides 
instructions for the use of the standard test equipment 
that has been manufactured totest aircraft electric power 
equipment. The test equipment consists of an aircraft 
generator (drive) test stand and the aircraft electrical 
power equipment test assembly. 

The handbook is divided into sections. Each section 
provides test procedures fora specific type of electrical 
power equipment. A complete test procedure for one 
basic model is given. Thetest procedure for the selected 
model is the most universal for the specific type of equip- 
ment. The basic portion of each section contains the 
following: 

1. Description and leading particulars. 

2. Typical test values. 

3. Preparation for test, including any necessary in- 

spections, checks, or maintenance operations. 
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4. Detailed step-by-step test procedures. 

The sections of the handbook are as follows: 
Introduction. 

Test procedures for d-c generators. 

Test procedures for d-c voltage regulators. 
Test procedures for a-c d-c generators. 
Test procedures for a-c generators. 

Test procedures for a-c voltage regulators. 
Test procedures for inverters. 

NAVAL AERONAUTIC PUBLICATIONS INDEX, NAV- 
AER 00-500, NAVAER 00-500A, NAVAER 00- 500B. —This 
index is composed of three parts (three separate publica- 
tions). A description of each part is given in the Navy 
Training Course AE 3 & 2, NavPers 10348, chapter 17, 
and will not be repeated here. Attention is given to the 
index in this course because with all probability, it can 
be of more help to you as a first class or chief than any 
other publication. For example, the information in the 
index can be used for determining what equipment is in- 
stalled in a particular aircraft, for obtaining code num- 
bers and titles when preparing orders for publications, 
and for many other uses. It contains acomplete numeri- 
cal listing of almost all of the publications that you will 
need in connection with aircraft electrical and instrument 
maintenance. 

You must know how toproperly use the index in order 
to obtain the best results. Instructions are contained in 
the front part of each section. By carefully studying 
these instructions and familiarizing yourself with the 
total contents of the index you will have a knowledge of 
the many uses that it can serve. 
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QUIZ 


1. The aircraft inventory record is 

a Department of Defense publication 

prepared by the Aviation Supply Office 
prepared by the Bureau of Aeronautics 

a BuAer Publication bearing a NavAer desig- 
nation applicable to each specific aircraft 
model 


ee 
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Which of the below items is NOT a function of source 
coding? 

a. Indicating where an item is stored 

b. Use of the next higher assembly 

c. Part to be locally manufactured 

d. Part is obtainable in supply system 


The Naval Aeronautic Publications Index contains a 
listing of 
a. all current instrument and accessories 
bulletins 
b. all BuPers publications 
c. military specifications used by the Bureau of 
Aeronautics 
d. military information applicable to aircraft 


The ComNavAir's, Atlantic and Pacific Fleets 
a. direct naval aviation 
b. establish policies regarding the organization, 
maintenance, and employment of fleet aviation 
c. are responsible for overhaul and maintenance 
of aircraft 
d. all of the above 
The blue label on a screening tag denotes that the 
material is to be 
a. returned to salvage 
b. surveyed 
c. considered ready-for-issue 
d. returned to overhaul for reconditioning 
Which of the following is a material reliability 
report? 
a. MRR 
b. FUR 
c. RUOM 
d. BuAer reliability digest 


The Handbook of installation Practices for Aircraft 
Electric and Electronic Wiring was written 
a. to promote safety 
b. to indoctrinate all personnel with good work- 
manship 
c. topoint out failures resulting from poor work- 


manship 
d. all of the above 


Electron tubes are controlled by the 
a. ASO 
b. ESO 
c. fleet command 
d. local command 
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10. 


11. 


12. 


13. 


14, 


15, 


16. 


The purpose of the material reliability program isto 
a. developahistorical record of material failures 
b. fix the blame for material failures 
c. perform statistical and technical analysis of 
equipment failures 
d. insure fleet awareness of material reliability 
The Navy Stock List is a catalog of 
a. aviation stores 
b. general stores 
c. all Navy stores 
d. all federal stores 
Ultimate consumer activities (carriers, FASRons, 
FAETU's, etc.) submit maintenance usage data 
reports 
a. every ninety days 
b. every two weeks 
c. every six months 
d. each month 
The function of ASO is to 
a. issue aviation material 
b. publish Federal Cataloging Systems 
c. procure aviation materials 
d. stock aviation material 
The Aviation Electrician's Mate's Manual (NavAer 
00-80T-59) was written primarily for 
a. the Naval Reserve Aviation Electrician 
b. the AE3 
c. presenting maintenance techniques only 
d. correspondence course study 
A formal survey board must include 
a. at least five persons, one of whom must be a 
commissioned officer 
b.. one or more commissioned officers 
c. three members appointed by the custodian, 
plant account records 
d. one enlisted man 
Specifications and standards are written primarily 
a. for the manufacturer 
b. for the operating activities 
c. to insure that products manufactured for the 
Navy meet certain requirements 
d. to enable O & R activities to more efficiently 
overhaul and repair aircraft 
For obtaining its aeronautical materials, an aircraft 
carrier would be assigned to a 
a. reserve stock point 
b. distribution stock point I 
c. secondary stock point 
d. primary stock point 
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17. 


18. 


19. 


20, 


Cognizance control symbol R is assigned to 
a. ASO 
b. ESO 
c. BuAer 
d. Forms and Publications Supply Office 
When property is to be re-evaluated or expended 
from the records 
a. a survey must be made to obtain proper au- 
thority to write the material off the books 
b. a request is turned in to the Material Office 
and equipment is turned in as class 265 for 
screening 
c. information to show condition of equipment 
must be submitted to the Maintenance Officer 
d. a FUR or EFP. should be made out on the 
equipment 
Military standards contain informationthat relates to 
a. products or services used only by military 
activities 
b. information formeriy contained in Joint Army- 
Navy Specifications 
c. engineering practices, charts, graphs, formu- 
las, and lists 
d. information obtained from military specifica- 
tions 
Supply lists that are used when commissioning or 
reactivating an activity are referred to as 
a. usage data lists 
b. Navy stock lists 
c. availability lists 
d. allowance lists 
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CHAPTER 


ADVANCED ALTERNATING-CURRENT 
THEORY 


The first part of this chapter deals with basic a-c 
functions, circuit characteristics, and definitions. These 
topics are fully explained in Basic Electricity, NavPers 
10086; however, they are briefly reviewed in this chapter 
for purposes of continuity between Basic Electricity and 
AE 1& C. Basic a-c theories and relations must be 
thoroughly understood before you can make effective 
progress in studying the more complex relations and 
mathematical processes. 

The latter part of this chapter deals with the solution 
of a-c problems by use of complex quantities which are 
represented by rectangular and polar.vectors. This is 
not discussed in any other Navy Training Courses that 
you are required to study. You should be able to use 
these forms of mathematics before beginning the study 
of polyphase systems. Rectangular and polar quantities 
will be used to analyze and explain polyphase systems 
and machinery. 


VECTOR ANALYSIS OF VOLTAGE AND CURRENT 
Vector Representation of Voltages 

INDUCTIVE IMPEDANCE.—An inductive impedance 

may be a single coil, or a complex network whose over- 


all characteristics are inductive in nature. All such 
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impedances, however, have at least one characteristic in 
common—they will not permit their currents to change 
rapidly enough to coincide with changes in the impressed 
voltage. As a result, the current wave through an induc- 
tive impedance never quite catches up with the wave of 
impressed voltage. This is commonly referred to asa 
current "lag,''andin a theoretically pure inductance, with 
no resistive loss whatsoever, this lag would amount to a 
full 90°. In practice, however, there is also some oppo- 
sition to current flow which is resistive in nature. Ina 
purely resistive impedance, there will be no angular dif- 
ference between the current wave across the resistor and 
the wave of impressed voltage. Thus, in a theoretically 
pure resistance, the angular difference between current 
and voltage waves across the resistor would amount to 
0°. From the foregoing, you can see that an impedance 
comprised of elements which are both resistive and 
inductive would cause a circuit current lag of an amount 
between 0° and 90°. The amount of lag would depend on 
the ratio of inductive reactance to resistance at a given 
frequency. 

PHASE ANGLE AND POWER FACTOR OF AN 
INDUCTIVE IMPEDANCE.—The angular difference 
(phase angle) between circuit current and impressed 
voltage has a direct bearing on the amount of power 
(watts) actually dissipated in a partially inductive imped- 
ance. Resistive opposition to current flow constitutes an 
actual power loss, because energy is dissipated in the 
form of heat. Inductive opposition to current flow does 
not cause a power loss, because energy is transferred 
alternately to and from the magnetic field formed around 
the inductor. 

The energy stored in this field during one-half of an 
alternating cycle is returned by induction during the other 
half of the same cycle, so that the average loss equals 
zero, Thus, the amount of actual power loss (true power) 
ina partially inductive impedance depends on the ratio 
of resistance to inductance. The true power in a circuit 
also depends on how the various elements are connected 
in relation to each other. The effects of changing con- 
nections will be discussed later. Figure 3-1 is used to 
show how power loss is affected by the ratio of resistance 
to inductance. 
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Figure 3-1.—Vector representation of voltages in an inductive 
impedance. 


Both (A) and (B) in figure 3-1 represent simple 
impedances with inductive characteristics. In both cases, 
applied voltage is the same (10 volts). Also, total circuit 
impedance (59) and line current (2 a.) are the same. If 
an ordinary a-c voltmeter were connected across points 
A and RB and an ammeter between points C and B, identical 
readings of voltage and amperage would be obtained from 
both circuits. At aglance, it might seem that both cir- 
cuits are consuming identical amounts of power. This is 
not true. The vector diagrams represent the average 
relative magnitude of resistive and inductive voltage 
drops. More important, they also show the differing 
phase angles of the twocircuits. This difference is 
significant. 

Coils E, and I; are arra.ged so that if the voltage 
wave through £, is complete.« in phase with the current 
wave through I;, maximum neter torque will result. 
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The indicator would point to 0°. Conversely, if the 
voltage and current waves were a full 90° out of con- 
junction (phase), meter torque would be minimum and the 
indicator would point to 90°. SINCE THE TRUE POWER 
IN AN A-C CIRCUIT IS DIRECTLY INDICATED BY THE 
PHASE ANGLE, THIS "PHASE ANGLE INDICATOR" 
MAY BE CALIBRATED IN WATTS. 

Vector diagrams may be used to determine phase 
angle. Once the angle is known, its numerical cosine 
may be multiplied by 100 to yield a percentage figure, or 
"power factor.'' This figure indicates directly what 
percentage of apparent power is dissipated in heat, and 
thus indirectly what percentage is merely a circulating 
interchange of energy between the voltage source andthe 
circuit inductance. 

The numerical cosine may also be multiplied by line 
voltage and current to obtain true power in watts. This 
would be done where the actual number of watts must be 
known, rather than the percentage of true power to 
apparent power. Vectors serve well in analyzing simple 
circuits, but would be clumsy if used in complex prob- 
lems. However, complex processes are based on the 
fundamental a-c relations usually represented by vectors. 
Before commencing the study of rectangular and polar 
notation, you must be thoroughly familiar with these basic 
relations. 

CAPACITIVE IMPEDANCE. —A capacitive impedance 
may be a single capacitor or a complex network whose 
overall characteristics are capacitive in nature. A 
characteristic common to all capacitive impedances is 
that they will not permit their voltages (capacitor charge) 
to change rapidly enough to coincide with changes in the 
impressedcurrent. As a result, the current wave through 
a capacitive impedance is always ahead of the wave of 
voltage across the same impedance. This is commonly 
referred to as a current "lead." 

In a theoretically pure capacitance, with no resistive 
loss whatsoever, this lead would amount to a full 90°. 
In practice, however, there is always some opposition to 
current flow, which is resistive in nature. The current 
could never attain a full 90° lead, though some high 
quality capacitors approachitvery closely. Consequently, 
the phase angle of a capacitive impedance will depend on 
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the ratio of resistance to capacitance at a given fre- | 


quency. 


PHASE ANGLE AND POWER FACTOR OF ACAPAC.- © 


ITIVE IMPEDANCE.—The angular difference (phase 


angle) between circuit current and voltage has a direct | 


bearing on the amount of power actually dissipated in a 
partially capacitive impedance. The phase angle, and 


thus true power, is again determined by the ratio of - 


reactance to resistance; in this case the reactance being | 


capacitive in nature. 

Refer again to figure 3-1. If the inductors in both 
circuits were replaced by capacitors of the same ohmic 
reactive values (49 and 30), the phase angle in both 
cases would remain the same. The magnitude of line 
current and true power in each circuit would also be 
unchanged. There would be, however, one significant 
difference—rather than current (I-) lagging voltage (E,), 
the relation would be reversed. Current would lead 
voltage, but still by the angles indicated. 

The apparent opposition to current flow evidenced by 
the capacitor (capacitive reactance) does not constitute 


an actual power loss. As with the inductance, there isa | 


reciprocating interchange of energy between the capaci- 
tance and source of impressed voltage, with a net energy 
(power) loss of zero. Energy is alternately stored and 
released by the capacitor's electrostatic field (charge) 
rather than by a magnetic field such as that in an inductor. 

INDUCTIVE AND CAPACITIVE IMPEDANCE,—An 
impedance may have individual elements or branches 
which, in themselves, may be inductive or capacitive in 
nature. In such a case, however, the overall character- 
istic of the impedance is determined by the ratio of 
inductance to capacitance. 

Figure 3-2 (A) represents an impedance composed of 
both inductive and capacitive elements, as well as resist- 
ance. The voltage from points A to B is always 180° out 
of phase with the voltage from points B toC, assuming 
both reactances are pure. Consequently, one may be 
subtracted algebraically from the other, as shown in the 
accompanying vector diagram. The resultant net reactive 
voltage, identified as £,, - Eyc in part (A) andas Ey, - Ey, 
in part (B), determines the overall characteristic of the 
circuit. That is, part (A) is inductive in nature, while 
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_ part (B) is capacitive. THE TRUE POWER IS THE SAME 
- IN EITHER CIRCUIT. True power is determined by the 
_ phase angle. It does not matter whether current is lead- 
ing or lagging. The wattmeter is deflected the same 
' amount and in the same direction in either case, and 
' cannot differentiate between an inductive or capacitive 
load. 
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Figure 3-2.—Vector representation of voltages in an inductive and 
capacitive impedance. 


Vector Representation of Currents 


In representing voltage vectors, series impedances 
were used, and circuit (line) current was used as a 
reference. This was done because only one current 
flows through the entire series circuit. Thus, the various 
element voltages could be shown in relation to a common 
reference (current), and consequently in relation to each 
other. When solving or representing more than one 
current, however, it must be assumed that a parallel 
circuit is under consideration. Only in a parallel circuit 
may there be more than one current simultaneously. 
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Parallel branches connected to a common source have 
the same voltage applied across their terminals. For | 
this reason, line voltage is used as a reference for laying | 


out branch currents to show their relation to a common — 


reference and toeach other. Inseries, conflicting element 
voltages are resolved with impressed vo}tage to produce 
a common line current. In parallel impedances, conflict- 
ing element currents resolve into a single line current, | 
and in some cases circulating currents, but all elements 

have a common terminal voltage. 


In figure 3-3, the magnitude of each branch current | 
may be obtained by simply dividing the line voltage by . 
branch resistance, or reactance. Capacitive current is 
shown leading line voltage because it is characteristic 
for the current in any capacitive reactance to lead the 
voltage across its terminals. 
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Figure 3-3.—Relation of capacitive to inductive current. 
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The inductive current lags because of its inductive 
nature. The current vectors shown in (B) represent 
individual branch currents. Iy- and Iy, are 180° out of 
phase, and so may be subtracted algebraically to obtain 
the reactive current value represented by Iy, - Iyc in 
(C). Their algebraic difference constitutes the actual 
value of current flowing from points A to B through X_> 
and X, in part (A). That is, the reactive component of 
I, is contributed to the circuit through points A and B, 
but the circulating interchange of current between X, and 
X, may be smaller, equal to, or larger than the reactive 
current component on the line. As can be seen, the over- 
all circuit characteristic will be determined by which 
reactive branch current is the larger. 


The impedance of figure 3-3 has an overall inductive 
characteristic. No power is used in the theoretically 
pure capacitive and inductive branches. Energy is dis- 
sipated across the resistor only, which is connected 
directly to the voltage source, and is thus relatively free 
from reactive influences. The reactive branches may be 
varied at will without changing the true power of the 
circuit as a whole. Assuming line voltage is fixed, 
energy current I, would remain fixed; line current I, 
would vary with changes in either xX, or x,. If reactive 
current Iy, - Iyc ((C) of fig. 3-3) became greater, then 
line current I, (Iz in (C)) would also become somewhat 
greater. However, the compensating factor, as far as 
true power values are concerned, is the fact that angle ¢ 
would also increase. As this angle increases, its numer- 
ical cosine decreases. In the formula for determining 
true power—volts x amps ~< cosine of phase angle 
(v x A x cos 6=P)—note that if line amperage (A) 
increases, and the cosine of circuit phase angle (cos @) 
decreases a proportional amount, true power (P) remains 
the same. 


ENERGY AND REACTIVE CURRENTS. —In practical 
circuits, there will be no purely reactive loads or 
branches. That is, some true power will be consumed 
by any load placed on a power source, such as an a-c 
generator or inverter. In addition, there will usually be 
a reactive, or VARS, load. Since the generator or inverter 
is supplying maximum power to its load when current 
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and voltage are in phase, it is important that the power 
factor be kept as high as possible. 


The load rating of an a-c machine is determined 
primarily by the internal heat it can withstand for long 
periods of time. The current through its windings is the 
major cause of heating. For this reason, a-c generators 
and inverters are rated in volt-amperes rather than in 
watts. A given magnitude of line current will cause a 
specific amount of heating, regardless of whether it is 
"energy" current or "reactive" current. A current which 
is out of phase with its voltage is said to be composed of 
two components—energy current and reactive current. 
If a generator is supplying a highly reactive load, it may 
be operating at its maximum allowable line amperage, 
and still not be delivering the proper amount of true 
power. More useful loads could not be added under these 
circumstances without exceeding the load rating of the 
generator. 
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Figure 3-4,—-A-c generator supplying a multibranch load. 


Figure 3-4 represents an a-c generator supplying a 
partially reactive load. Each load branch has a different 
current characteristic than the other branches. Assuming 
the generator shown is rated at 5,000 VA, then it is sup- 
plying its full rated load. Figure 3-5 is a more complete 
representation of the same circuit. 
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Figure 3-5.—Representation of multibranch currents. 


Part (A) of figure 3-5 represents the progressive 
combining of separate branch currents, shown in sine 
wave form, into a single final line current wave, (I,,,.)- 
Part (B) represents the same currents shown in vector 
form. Note that each reactive branch current is composed 
of both energy current (Ipy- and Ipy,) and reactive current 
(Iyc and Iy,). The subtriangle formed by Ipyc + Ipy, On 
one side and Iy, - Iyc¢ on another represents the phase 
relations of the reactive branches only. The true power 
in the reactive branches equals Ipyc¢ (17.35 + Ipy, (22.8) 
x 100v. (17.35 + 22.8 x 100 = 4,015 watts.) VARS in the 
reactive branches equals I,, (27.15) - Iyc (10) =< 100v. 
(27.15 - 10 x 100 = 1,715 VARS.) True power for the 
whole circuit is obtainedwhen I, is added to the complete 
triangle (4,700 watts). VARS remains the same, because 
the current through the resistive branch contains no 
reactive components. 
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The whole a-c load, as far as the generator is con- 
cerned, could be reduced to the equivalent impedances 
shown in part (C). If power factor correction is to be 
made for a particular a-c generator or inverter, it is 
best to reduce the machine's load to a single simplified 
impedance inorder to determine the nature and magnitude 
of correction to be made. 

Assume that an additional resistive load must be con- 
nected to the a-c generator considered in figure 3-5. 
None of its existing loads may be disconnected, Since 
the generator is already operating at maximum rated 
current, this might seem impossible. Refer to figure 3-6 
in connection with the following explanation. Part (A) 
represents the simplified load impedance before cor- 
rection is made. 

The generator is delivering 4,700 watts of power, and 
its line current is 50 amps. Obviously, no additional load 


(A) 


47A. TOTAL 
R y 5.030 ENERGY ITISA. 
2138 aX RE ACTIVE 
-I7I5A SOA. CURRENT 
ISA. LINE CURRENT 
4,700 WATTS 1715 VARS. 
8,000 LINE VA. 


(B) 


: 47A. TOTAL i. a evi 
SSE 
47A. or CURRENT 
LINE CURRENT 
4,700 WATTS 0 VARS. 
4,700 LINE VA. 





50 A. TOTAL 
ENERGY 
SOA. LINE 
CURRENT 
5,000 WATTS 0 VARS. 
5,000 LINE VA. 





Figure 3-6.—Simplified impedances for balancing reactive loads. 
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can be connected without overloading the generator. In 
part (B), capacitive correction is connected; this causes 
the reactive component of line current to be reduced to 
zero. Circulating current at this point is increased, 
between the reactive elements of the generator's load, 
but line current through the generator is decreased from 
50 amps to 47 amps. An additional useful load up to 3 
amps may then be connected as shown in part (C). 


RECTANGULAR NOTATION 
OF A-C QUANTITIES 


Definition of Rectangular Vectors 


Upto this point, vectors have been described as shown 
in figure 3-7 (A). That is, they have been visualized 
essentially as the hypotenuse of a right triangle. When 
described in this manner, a vector's magnitude, or length, 
from point 0 to Ais given. In addition, its direction is 
also given as the number of degrees that the vector is 
laying away from a horizontal reference line. The 
number of degrees is symbolized by theta (¢). This is 
the polar vector form. When the polar form is used, a 
vector is described in terms of its magnitude and direc- 
tion. For instance, a vector 10 inches long laying at 30° 
above the horizontal line would be described as 10/30°. 
(/_ symbolizes "at an angle of''). If the magnitude of 
vector OA in figure 3-7 (A) is known and @ is also known, 
the length of sides RF and J could be determined, if 
required, by the use of trigonometry. 

Vector OA could also be accurately described in 
another manner, if only the length and direction of sides 
Rand J are known. This method is illustrated in figure 
3-7 (B). In this case, neither the actual length of vector 
OA nor is known. Nevertheless, vec*or OA may still be 
accurately referred to as vector R!.66 @J5, because 
R8.66 and J5 form atriangle of which vector OA is the 
hypotenuse. (The symbol@®means added vectorially). 
Later, you will process vector quant‘ties mathematically, 
using a Similar form, without necessarily ever knowing 
the actual magnitudes and directions of the vectors on 
which you are working. They will simply be written in 
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Figure 3-7.-(A) Polar vector; (B) rectangular vector; (C) directional 
axes for rectangular vectors. 


terms of their components, or sides. If vectors R and J 
are considered as two sides of a rectangle as shown in 
figure 3-7 (B), then vector 0A is the diagonal length of 
that rectangle; hence the term rectangular vector. 


Since rectangular notation must be able to indicate 
direction as well as magnitude, then vector R must be 
able to lay either to the right or left of point 0, as shown 
in figure 3-7 (C). Also, vector J must be able to lay 
either above or below point 0. When vector R is to the 
right, it is given a positive (+) sign, or a negative (-) sign 
when laying to the left. Vector J is given a positive (+) 
sign when above the line, or a negative (-) sign when 
below. In this way, the distance and direction of a point 
anywhere within a circle, in relation to the middle of the 
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circle, may be indicated by the signs and lengths of 
vectors R and J. This is given further illustration in 
figure 3-8. 





a 
| 
| 
| 

: | 

=R 7 so -———— +R 

| -7 2 
eo ee 

A | 

{ 

{ 

| 

-J 

(B) 

+J +J 
| [ 
| 
A | 
| 

| A 3 is 

-R-—-—— 2 _-_—_- 4 —R = SS S< +R 

| { 
| 
| | 
| | 
—J —J 


(C) (D) 


Figure 3-8.—Representation of rectangular vectors. 


In part (A), vector OA is referred to as vector R3 - J 4. 
In part (B) vector OA is referred to as vector -R4-J2. 
. Inpart (C), vector 0A is 0+/3; and in (D), it is -R3+ 0. 
_ Note that when a vector is perfectly vertical or horizontal, 
. Its rectangular description still contains two components, 
. butone is included only as azero value. In practice, THE 
_ HORIZONTAL, OR FR, COMPONENT IS ALWAYS STATED 
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FIRST, AND THE VERTICAL, OR J, COMPONENT IS 
STATED SECOND. Also, the F is dropped, but its alge- 
braic sign is kept. The J is never dropped, however. 
Therefore, vector OA in figure 3-8 (A), for instance would 
be referred to more simply as 3-/4, and that in (B) 
would be referred to as -4-J2. 


Use of Rectangular Vectors 


Rectangular vectors are commonly used to describe 
and identify a-c quantities in terms of their components. 
These quantities include impedance, admittance, current, 
voltage, and power. When expressing an impedance in 
rectangular form, the resistive component is always the 
first member, and the reactive component is the second, 
or J member. Also, rectangular representation of 
impedance ALWAYS refers to components connected in 
SERIES. THERE IS NO SUCH THING AS AN IMPEDANCE 
VECTOR FOR PARALLEL COMPONENTS. Total paral- 
lel impedance is solved only by dividing total current into 
line voltage. Figure 3-9 shows the various types of 
series impedances, and to the right of each appears the 
three common methods of representing each. 

Referring to figure 3-9, note that impedances which 
are inductive in nature are different from those which 
are capacitive in the following significant way—the oper- 
ator J is positive (+J) for inductive impedances and is 
negative (-J) for capacitive impedances. This is quite 
logical and easily remembered if you consider the voltage 
drops as they would occur across these impedances if 
they were connected in a circuit. That is, voltage leads 
(+ J) across an inductance, and lags (-J) across a capaci- 
tance. Therefore, the algebraic sign of the J operator is 
the same for both voltage and impedance when these 
values are represented for agiven circuit. The algebraic 
sign itself is determined by the reactive nature of the 
circuit. This may be seen clearly by comparing the 
algebraic signs of the J operators as they appear in the 
IMPEDANCE and VOLTAGE columns of figure 3-10. In 
summary, a plus (+/) is used for an inductive impedance 
or inductive voltage drop, and a minus (-/) is used for a 
capacitive impedance or capacitive voltage drop. Also, 
resistive voltage components are written first, while 
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IMPEDANCE |VECTOR FORM {RECTANGULAR | POLAR FORM 
FORM 


Spat 
2 ane [oak 
1xg27 ° 


R60 |) pA 
hie we 


WAH ‘ > ; | Z=8-J60 § |2=5/369°0. 


R=20X =70 R+R 


ace 


R=20) X= 4.0. vib 2 








Z=4-J3) Z=5/-36.9° 22 


Figure 3-9.—Common methods of representing impedance. 


reactive voltages are alwayswritten second and preceded 
by +J, as the case requires. 

Refer again to figure 3-10. Notice that current and 
power notations for each circuit have their J operators 
preceded by algebraic signs which are opposite to those 
which refer to impedance and voltage. (Except in the top 
row, where the J factor is 0, and the algebraic sign is 
thus unimportant.) Again, there is a logical reason for 
this, because the current through an inductance has a 
lagging (-J) characteristic, while current through a 
capacitance is leading (+ J). The nature of a current may 
thus be indicated by the algebraic sign of its J factor. 
This would also provide a direct indication of the nature 
of the impedance through which the current is flowing 
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(inductive or capacitive). When a current is represented 
in rectangular form, the first member indicates the 
energy (watt) component, while the / member indicates 
the reactive (VARS) component. This is one of the many 
convenient features of rectangular notation. That is, a 
direct indication of the true power to apparent power 
ratio is shown simply by describing the current in terms 
of its rectangular components. The close resemblance 
of a current vector to a power vector becomes apparent 
if you notice that both have identical algebraic signs 
preceding the J operator. The triangles inferred by both 
vectors will have the same shape and phase angle 64, though 
their actual magnitudes may differ. 

When circuit power is expressed in rectangular form, 
the first member represents true power inwatts, and the 
J member represents reactive volt-amperes (VARS). 

The discussion up to this point has involved only the 
identification of a-c quantities in rectangular form. Some 
fundamental advantages have also been discussed. How- 
ever, no mention has been made of the most important 
single advantage gained by the use of rectangular vectors, 
which is as follows: A-C QUANTITIES REPRESENTED 
AS RECTANGULAR VECTORS MAY BE PROCESSED 
MATHEMATICALLY WITHOUT DIRECT USE OF TRIG- 
ONOMETRIC FUNCTIONS. THE MULTIPLICATION, 
DIVISION, ADDITION, AND SUBTRACTION OF A-C 
QUANTITIES CAN BE CARRIED OUT BY TREATING 
THESE QUANTITIES AS SIMPLE BINOMIALS. 

ADDITION OF RECTANGULAR VEC TORS. —Addition 
of rectangular vectors is accomplished in the following 
manner. 


Example: 


Add 4+/6 to -6+ J" 
Solution: 


4+J6 
-6+/7 


-2+J13 (answer). 
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SUBTRACTION OF RECTANGULAR VECTORS. —Sub- 
traction of rectangular vectors is accomplished as 
follows: 

Example: 

Subtract 6-/J9 from -2-J7 


Solution: 


Change the signs of the subtrahend 6-/J9 to -6+/9, 
then— 


-2-J7 
-6+J9 





-8+J2 (answer). 
MULTIPLICATION OF RECTANGULAR VECTORS.- ~ 
In multiplying rectangular vectors, the rules applying to | 
multiplication of simple binomials still apply. This is © 
done in the following manner: c 
Example: ? 
Multiply 7-J6 by 4+J8 


Solution: 


(1) 7-76 
4+ ]8 


28 -J 24 
+J 56 - J? 48 


28 - 132 -J248 
(2) 28- 732+ 48 
(3) 76+/32 (answer). 


RULE FOR MULTIPLYING RECTANGULAR VEC- 
TORS. —When a member of the product is preceded by 4 }, 
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J?, such as in the last line of step (1) in the foregoing 
problem, the J? is dropped and its sign reversed, as 
shown in step (2). The member is then combined to 
obtain the final answer, as shown in step (3). 

DIVISION OF RECTANGULAR VECTORS. —The divi- 
sion of rectangular vectors is the most complex of the 
four mathematical operations. 


Example: 
Divide 50+ J35 by 8+/J5. 


The first step is to convert the divisor 8+J5 into a 
single number unaffected by the operator J. This is done 
by multiplying the divisor by its conjugate, 8-/5. (The 
conjugate of any rectangular vector is that vector with 
the sign of its J operator reversed.) Multiplying any 
rectangular vector by its conjugate will produce a single 
number. For instance, 8+/5 <x 8-J5 = 64-J?25, or 89. 
Any fraction may have its numerator and denominator 
multiplied bythe same number or quantity without affect- 
ing the value of the fraction. For instance, 3/8 < 4/4 
= 12/32 = 3/8. Therefore, both numerator and denomi- 
nator of the original example problem 50+/J35/8+J/5 may 
be multiplied by the conjugate of the divisor without 
changing its value, as follows: 


50+J/35 8-J5 400+ /30- 7175 


x 
8+J5 8-J5 64-s725 
This operation, after terms are collected, results in the 
original 50+/35/8+ 5 having been changed to the new 


form 575+/ 30/89. When each member of the numerator 
is divided by 89, the result is 


6.46+/0.337 (answer). 
POLAR NOTATION OF A-C QUANTITIES 
Definition of Polar Vectors 


A polar vector may be any ordinary vector. It is dif- 
ferent from an identical rectangular vector only in the 
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manner in which it is described. A vector in polar form 
is given in terms of its length, or magnitude, and the 
angle formed between the vector and a reference line. 
Refer again to figure 3-7. If the vector OA in part (A) 
was 10 units in length, and 6 was 45°, then vector OA 
would be written in polar form as 10/45°. The symbol 
/__ means "at an angle of." 


Use of Polar Vectors 


Polar vectors are used to identify a-c quantities in 
much the same manner as rectangular vectors. The 
major difference in the two forms lies in the specific 
components of a quantity which are identified. (Refer to 
fig. 3-11.) Note that when an impedance is represented 
in rectangular form, the components such as resistance 
and reactance are given, with overall impedance and 
phase angle implied. When the same impedance is rep- 
resented in polar form, the overall impedance and phase 
angle are given, and the resistive and reactive compo- 
nents are implied. 

ADDITION AND SUBTRACTION OF POLAR VEC- 
TORS.—Vectors expressed in polar form can be added 
or subtracted by graphical methods only, unless their 
directions are parallel. To add or subtract them alge- 
braically, they must be converted to rectangular form. 
Conversion of one form to another will be discussed later. 

MULTIPLICATION OF POLAR VECTORS, —The prod- 
uct of two polar vectors is obtained by multiplying their 
magnitudes and adding their angles. 


Example: 
Multiply 8/20° by 20/-35° 
Solution: 
8 20° 
_20 +(-35°) 
16 -15° 


160/-15° (answer). 
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DIVISION OF POLAR VECTORS.—The quotient of two 
polar vectors is obtained by dividing their magnitudes 
and subtracting the angle of the divisor from the angle 
of the dividend. 


Example: 


Divide 30/20° by 2/30°. 


Solution: 
30 20° 
2 a -(30°) 
10° 
15/-10° (answer) 


Conversion of Forms 


You have probably observedthat certain forms of nota- 
tion lend themselves more readily to one mathematical 
operation than to another. 

For instance, the multiplying and dividing of rectangu- 
lar vectors involve rather complex operations if com- 
pared to the multiplying and dividing of polar vectors. 
On the other hand, algebraic addition and subtraction of 
rectangular vectors involve relatively simple operations, 
whereas it cannot be done at all with polar vectors. 
Obviously, there are occasions when one form must be 
converted to the other. This is done in the following 
manner. 

CONVERSION FROM RECTANGULAR TO POLAR 
FORM.—As previously stated, if rectangular members 
are considered to be two sides of a right triangle, then 
the hypotenuse and angle @ for any such triangle is di- 
rectly implied by the given sides. To determine the 
value of the hypotenuse, you must first determine the 
angle 6. Angle @ is determined by first obtaining the 
value of its tangent, then locating this tangent value on 
table of trigonometric functions. (There is a table of 
trigonometric functions in appendix I of this book.) The 
tangent of angle 6 can always be obtained by dividing the 
rectangular J member by the first, or energy, member. 
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For instance, to obtain the tangent of the angle implied 
by 3+/4, divide /4 by 3. That is, 


tan 6 -#, or 1.33. 


If you locate the tangent value of 1.33 on the table of trig- 
onometric functions, you will find that it is the tangent 
of 53.1°. You may state, then, that the angle 6 for the 
vector 3+/4 is 53.1°. After finding 6, the next step is 
to determine the length, or value, of the hypotenuse. 
This may be done in either of two ways. The hypotenuse 
is equal to the energy member divided by the cosine of 
53.1°, or it is also equal to the J member divided by the 
sine of 53.1°. If 3+J4 represented an impedance, then 
the hypotenuse (total impedance) could be written as 
follows: 


= 3 _ y4 
z= Sos 55.1° o* 7 > ein 53.1" * 


The numerical value of the sine or cosine of @ is ob- 
tained by consulting the table of trigonometric functions. 
Notice that the tangent, sine, and cosine for a given angle 
are all printed adjacent to one another. Since the cosine 
of 53.1° is 0.600, and the sine is 0.800, then 

_ 3 _ J4 
Z= 0.6 or Z -0.8 e 


In either case, Z = 5. Thus, when the rectangular vector 
3+J49 is converted to a polar vector, it becomes 
5/53.1° 9. 

CONVERSION FROM POLAR TO RECTANGULAR 
FORM.—This conversion is somewhat simpler, since 
angle 6 isknown atthe start. In the polar vector 10/-53.1°, 
the number 10 is considered to be the hypotenuse of a 
right triangle, and the angle 6 is given as -53.1°. The 
implied remaining sides (rectangular members) are 
found as follows: The first (energy) member is found 
by multiplying the hypotenuse by the cosine of 9@. The 
second, or J member, is found by multiplying the hypot- 
enuse bythe sine of 6. The algebraic sign of the resulting 
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J member is the same as the sign of the given angle. 
The polar vector 10/-53.1° would thus be written in rec- 
tangular form as 


(10 x cos 53.1°) -7 (10 x sine 53.1%), 
or 
(10 x 0.6)- (10 x 0.8) = 6-J8. 


APPLICATION OF RECTANGULAR AND 
POLAR NOTATION 


As previously stated, a-c quantities represented in 
rectangular and polar form maybe processed mathemati- 
cally in that form, without direct use of trigonometric 
functions. Trigonometry will be used only if one form 
is converted to another. 

It is important to note that these complex forms, when 
processed mathematically, are used in exactly the same 
manner, in relation to one another, as simple d-c quanti- 
ties. For instance, suppose you were to solve an a-c 
problem involving an impedance of 2-/30, a current of 
6+/4 amps, and a voltage of 24-/10 volts. Ohm's law 
states: 


aE. 
[=F 
or 
E=I1*«Z, 
and 
ie 
Z=7- 


The same law applies in the solution of a-c problems, 
except that Z, I, and E are given in the more complex 
rectangular or polar forms. For instance (with all quan- 
tities given in complex form), since 


Ee 
Z = I 
then 
24-J10 volts 


——_—_————— = 6+/4 amps. 
2-J3 ohms ‘ P 
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Solution of Series Circuits 


Assume that a voltage of 208+ J/0 volts is impressed 
on the series circuit shown in figure 3-11. Determine 
the following: (A) impedance, (B) current, and (C) phase 
angle. 


208 V. 





Figure 3-11.—Simple series circuit. 


Solution: Impedance is 60+/ 800 (A) 
Since current is 
r= 
Z 
therefore, 
I= 208 +/0 
~ 60+,780 


_ 2084/0 , 60-J80 
60+/80 60-J/80 


_ 12,480 - J16,640 
~ 10,000 


3 


1.24- 1.66 amps. (B) 


The phase angle is determined by first obtaining its 
tangent as follows: 





tan 6 = Jt = -1,33. 


The number 1.33, when located:on the table of trigono- 
metric functions indicates 53.1°. The minus sign indi- 
cates a -53.1°. Therefore, 


phase angle = -53.1°. (C) 
100 


To determine (A), (B), and (C) in polar form, first 
convert the rectangular impedance 60+/800 into polar 
form. 


tan 6 = Jn 1.33 = tangent of 53.1° 
- 60 J80 _ 
polar magnitude = tos BU7 OF in 5317 = 100. 
Therefore, 
polar impedance = 100/53.1°. (A) 
Since 
ae 
cE 
then 
oe 208 /0° 
~ 100/53.1° 
= 2.08/-53.1°. (B) 


The phase angle has already been determined (-53.1°). (C) 


Determination of Power 


Power in a-c circuits may be calculated in much the 
same basic manner as in d-c circuits. That is, the basic 
mathematical relations still apply, in that P=I x E,or 
that P= 12 x Z. The necessary inclusion of phase angle 
or power factor considerations is automatically accom- 
plished by the use of rectangular notation. Since the 
voltages, currents, and impedances involved in power 
calculations are already divided into their energy and 
reactive components, then the solution of these calcula- 
tions will yield an answer which is also divided into its 
energy and reactive components. That is, it will state 
the magnitude of both true power and VARS. 

Before attempting power calculations, you should fix 
the following rule firmly in mind: When multiplying a 
voltage and current, YOU MUST USE THE CONJUGATE 
OF THE VOLTAGE to obtain acorrect answer. To obtain 
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the conjugate of a rectangular vector, reverse the sign 
of the J operator. To obtain the conjugate of a polar 
vector, reverse the sign of the indicated angle. By using 
the conjugate of voltage, the algebraic sign of the J oper- 
ator in the result will be of the proper type. That is, 
the power vector for an inductive circuit will have a -J, 
and a capacitive circuit will have a +J. This will be dem- 
onstrated during the following calculations. 

For the circuit shown in figure 3-12, determine the 
following: (A) impedance, (B) voltage, (C) phase angle, 
(D) power factor, (E) true power, (F) VARS, and (G) ap- 
parent power. 


E 


10 + JOA. 


302 402 


Figure 3-12.—Series circuit for power calculation. 





Impedance is 30-/400. (A) 
Since E=I1xZ 
then E = (10+J0) x (30-J 40) 
= 300-400 volts. (B) 
9 = ~J400 
tan ’ = 300 


= -1.33 = tangent of -53.1°. (C) 
power factor = cos @ x 100 
= (0.600 ~ 100) 
= 60%. (D) 
powerisP=ExI 
= (300 - 7400) x (10+ 0) 
= 3,000+ 74,000 VA. 
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Therefore, true power = 3,000 watts. (E) 


VARS = J4,000 VA. (F) 

apparent power (or total volt-amperes) = 
true power VARS (G) 

cos 53.1° © sin 53.1° ° 


In either case, it is 5,000 VA. Note that reversal of 
the sign of the J operator in the voltage vector caused 
the sign of the J operator in the power vector to be plus. 
This is as it should be, since the circuit is capacitive. 
Had voltage and current been converted to polar form 
for multiplication, it still would have been necessary to 
conjugate the voltage. The rectangular voltage 300 - J 400 
converted to polar form would have been 500/-53.1° volts. 
Before multiplication it would have been conjugated to 
500/53.1° volts. The solution for power would then have 
been 500/53.1° volts x 10/0° amps = 5,000/53.1° VA. 
Note that 5,000/53.1° VA. is the correct polar form of 
3,000 +) 4,000 VA. 


Solution of Parallel Circuits 


The mathematical relations and processes involved in 
the solution of a-c parallel circuits are identical in op- 
eration to those for d-c parallel circuits. The quantities 
are merely more complex. In d-c parallel circuits, total 
current is found by first determining and then combining 
all branch currents (1, = I, + I, + 13, etc.). Also, total 
resistance is found by combining the reciprocals of all 
branch resistances, and then determining the reciprocal 
of this combined quantity. 


However, in a-c circuits, current will be given and used 
in complex form, and impedance (Z) will be given and 
used instead of resistance. 

The circuit in figure 3-13 will be solved by deter- 
mining currents first. 
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Figure 3-13.—Parallel circuit for solution by currents. 


E 
r= in a-C. 





Then 
7, = 10+J0 
1 4-J6 
es 10+/0 . 4+ 6 
4-J6 4+/J6 
: 40+ /60 
= "52 
= 0.77+J1.15 amp. 
pe 10+J0 
2 84+J5 
_ 10470 , 8-J5 
~ 84/5 8-J5 
S 80 -/ 50 
- 89 
= 0.9-/.56 amp. 
Since 
Ep ayer Eo 
then 


I, = (0.77+J1.15) + (0.9 -7.56) 


= 1.67+J.59 amps. 


With line voltage and total current known, circuit im- 
pedance may be determined. 
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7. = 10+J0 
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10+J0_ . 1.67-J.59 
1.67+J.59 * 1.67-J.59 


16.7 - J5.9 
3.13 


5.34 - J1.880. 


There would be little point in representing I, and I, 
in polar form, since they could not be combined in that 
form to obtain I,. However, the division of voltage by 
impedance might have been facilitated by first convert- 
ing these quantities to polar form, since polar vectors 
are more easily divided than rectangular vectors. On 
the other hand, some time is required for this conver- 
sion. Consequently, the question of whether to convert 
or not depends on how well you are able to perform the 
conversion. You should use the quickest or most con- 
venient method. 

In the majority of cases, solution of parallel circuits 
by currents is the most feasible method. However, some 
problems require the determination of total impedance, 
and voltage is not given. In such cases, where neither 
voltage nor any branch current is known, I,, or total 
current, cannot be determined. The circuit could be 
solved only to the extent of determining total impedance. 
This is done in a-c circuits by use of the same basic 
method used in d-c circuits. Where total resistance in 
d-c circuits is 


Rr = 


7 
np || 


1 1 
Ry R3 
total impedance in a-c circuits is 


Ze 


When ONLY TWO BRANCHES are considered in d.c., 


Ai 
Rr RR, 
1 2 


Likewise in a-c circuits, total impedance is 


7 Z, x Zo 
ot 2 ey 
If feasible, the reciprocal formula may also be used when 
solving two impedances. 

Figure 3-13 will be solved for total impedance using 
both methods mentioned. The reciprocal formula will be 
used first, assuming that line voltage is not given. 

= 1 
ae ds ot 
Z, 2% 


The reciprocal of each branch impedance must first be 
determined. 





Dk. 
Z, 4-J6 
-_1_ , 4+J6 
4-J6 4+/J6 
= 4+ 76 
52 
= 0.077+/.115. 
ee os Me 
Z5 ~ 84+ 75 
-_1  , 8-J5 
8+J5 8-J5 
- 8-s5 
89 


0.089 - 7.056. 
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Combining reciprocals 
1 


— + -— 


(0.077 + J.115) + (0.089 - 7.056) 
Z, 2, 


0.166 + .059. 


Total impedance is 


Ly, = 1 
T ~ 0.166 + 7.059 


zs 1 x 0.166 - J.059 
0.166+/.059 0.166-/.059 


_ 0.166 -J .059 
0.031. 


9.34 -J1.880. 


Since only two branches are involved, the second method 
of solution may also be used. Starting with the formula 


_ 4, *% 24 

an ag, 
then 

_ (4-76) x (8+J/5) 

rT” (4-76) + (84+/5)° 


The numerator is (4-J6) = (8+/5) = 32-/28-)730 = 
62-/28. The denominator is (4-/6) + (8+/5) =12-J1. 
Divide the numerator by the denominator as follows: 


62-728 


47 = TO-71 


_ 62-J28 | 124+J1 
- T2-s1 * 124+y1 


172 -J 274 
145 


5.34 - J1.880 . 
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The impedance of the circuit has thus been solved in 
each of three ways: (1) by currents, (2) by the reciprocal 
formula, and (3) by the last method shown. 


Solution of Series — Parallel Circuits 


SOLUTION IN RECTANGULAR FORM.—The circuit 
shown in figure 3-14 will be solved during the following 
explanation. Total current I;, branch currents I, and 
I3, total impedance, voltages £, and E,, power, and phase 
angle will be determined. 





Figure 3-14.—Series—parallel circuit. 


To obtain total current, total impedance must first be 
determined. Total impedance is Z; = Z, + (Z, @ Z;), so 
the solution of (Z, © Z3) must be carried out first. The 
formula for two parallel impedances will be used. 


. 22 * 23 
Z, + Z3 Ls 
The numerator Z, x Z; is (6+ 73) x (5-8) = 54-J33. 
The denominator is Z, + Z,, or (6+/3) + (5-8) = 11-J5. 
Insert these quantities in the formulafor parallel im- 
pedance, 
04 - J33 
11-75 


_ 54-33 , AL4s5 
11-J5 « 11+J5 


_ 759-7 93 
146 


0.2-J.640. 
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Z, @ 23 


Adding (5.2- 7.640) to Z, (4+j60), total impedance Z, 
is obtained 


(5.2-7.64) + (4+ 76) 
9.2+J/5.360, 


Now that total impedance is known, and total voltage is 
given, total current I, may be determined by the formula 
227 

ae 


Zr 


I 


Insert the known values for £, and Z,; then 


7. = _110+J0 
T= 9.245.360 


110+J0 | 9.2-J5.36 
9.2+J5.36  9,2-J5.36 


_ 1,012 -7589 
= 113.4 


-8.92- 75.19 amps. 


Since the total current must flow through the series 
impedance Z,, then the voltage £, may now be deter- 
mined. E, = Z, x I7, or (4+ /6) = (8.92-75.19). E, = 
66.8+ 32.6 volts. With £, known, £, is easily deter- 
mined, because £, must equal £, minus £,. E, = E; - 
E, = (110+J0) - (66.8+J32.6) = 43.2-J32.6 volts. £, 
is the same across both parallel impedances Z, and Z;, 
so the current through each may now be determined. 


E 
Iz zy 
_ 42.2 - 732.6 
~ 6+J/3 
_ 43.2- 432.6 6-53 
~ 6+J3 6-J3 
_ 161.3 - 7325 
~ 45 


3.59 -/ 7.23 amps. 
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Ey 
a. 


_ 43.2 - 732.6 
=" 5-J8 


_ 42.2 -732.6 . 5+ 78 
~ 5-78 5+ 78 





_ 474,37 + J181.56 
= os ee 


5.33 +/2.04 amps. 


At this point, the solutions for voltages and currents may 
be checked before performing power calculations. To 
check, £, + E, should equal £,; that is, (66.8+ 32.6) + 
(43.2 - 732.6) = 110+J0 volts. Also, I,+1I3 should equal 
I,, or I7; that is (3.59-/7.23) + (5.33+/2.04) = 8.92 
-~J5.19 amps. 

The power for the entire circuit is P= E, = I; That 
is, P = (110+J0) x (8.92- 75.19) VA. E, x I; = 980-J572 
volt-amperes, which indicates a true power of 980 
watts, and reactive volt-amperes of 572 VARS. 

To solve for the phase angle 6, the tangent of @ is 
J572/980, or 0.583. This is the tangent of 30.2°, which 
is the phase angle for the entire circuit. The cosine of 
30.2° is 0.8643. This, when multiplied by 100, yields a 
power factor of 86.43%. 

SOLUTION IN POLAR FORM.—The solution for cur- 
rents and voltages in figure 3-14 can also be performed 
by the use of polar quantities. To do this, the first step 
is to convert all rectangular quantities to their polar 
form. At the same time, you must retain the rectangular 
quantities, because total impedance must be determined 
first, and rectangular quantities must be used to do this. 
Rectangular quantities will also have to be used in various 
other processes, as you will see during the course of 
solution. - 

Total impedance Z, was determined tobe 9.2+ 5.360, 
and £,is given as 110+J/0 volts. If polar form is to be 
used for solving total current I;, then E, and Z; must be 
converted to polar form. Z, is converted as follows: 


110 


= tan 30.2°. 


The polar angle of Z,is 30.2°. Thenthe polar magnitude 
of Z, is 


J5.36 oy 9.2 
sin 30.2° cos 30.2° ° 


Either method you prefer may be used. In either case, 
its magnitude is 10.65. The complete polar form of Z7 
is 10.65/30.2°9. £E,;inpolarform is 110/0° volts. Total 
current is 


Ir = De: 
_110/0° 
~ 10.65/30.2° ° 


By dividing magnitudes and subtracting angles, I; is de- 
termined to be 10.32/-30.2° amps. 

The next quantity to be determined is £,. If this is 
done in polar form, Z, must first be converted to polar 
form before multiplying by 1,. Thetangent of angle 6 for 
Z, is J6/4, or 1.5, the tangent of 56.3°. 


Determining the polar magnitude 


se J6 
“A sin 56.3°’ °- 


ee 
cos 56.3° 
Z, = 7.2 
Z, = 17.2/56.3° o 
E, = 2, x Ir 


7.2/56.3° =x 10.32/-30.2°. 
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Multiplying magnitudes, 
(7.2) x (10.32) = 74.3, 
combining angles 
(56.3°) + (-30.2) = 26.1° 
then, 
E, = 74.3/26.1° volts. 


To determine £,, £, is subtracted from £;. Since polar 
quantities cannot be subtracted algebraically, £, and £, 
are reconverted to rectangular form. The rectangular 
forms of E; and E, have already been determined. Their 
difference is E,. E, was determined to be 43.2 - /32.6 
volts. If I, is to be expressed in polar form, then E£, and 
Z, must first be converted to polar form, since I, is 
E,/Z.. The same applies to the solution for I,. That is, 
Z, would also have to be converted to polar form, be- 
cause I, is E,/Z3. | 

The calculation for power and phase angle is relatively 
simple, since the polar forms of E; and I, are known, and 
can be multiplied in that form 


(P = E, x I, VA.). 
Solving for power: 
(110/0°) =< 10.32/-30.2°) = 1,133/-30.2° VA. 


This indicated quantity may be checked against the indi- 
cated rectangular quantity 980-/572 VA. as follows: 


1,133 x cos -30.2° = (1,133) = (0.866) 
. = 980 watts. 


Also, 


1,133 x sin -30.2° 


(1,133) x (0.503) 
-J572 VARS. 


112 


It will be noted that the use of polar vectors to solve 


the circuit in figure 3-14 required frequent conversion 
of polar vectors to rectangular vectors. These conver- 
sions were necessary due to the difficulty in adding or 
subtracting quantities expressed in polar form, and con- 
siderable time and effort is needed for these conversions. 
Consequently, it will usually be to your advantage to em- 
ploy rectangular quantities, rather than polar quantities, 
since the rectangular form is not subject to any such 
mathematical limitation. 


QUIZ 


Vectors in polar form may be 
a. multiplied or added 
b. divided or subtracted 
c. added or subtracted 
d. multiplied or divided. 


To add vectors given in polar form, you must 
a. add their magnitudes and subtract their angles 
b. add their magnitudes and add their angles 
c. convert them to rectangular form and combine 
algebraically 
d. convert them to rectangular form and subtract 
algebraically. 


When representing a-c quantities with rectangular 
vectors, 
a. inductive impedances and inductive voltage 
drops will have a +J 
b. inductive impedances and inductive currents 
will have a +J 
c. Capacitive currents and capacitive impedances 
will have a +J 
d. capacitive impedances and capacitive voltages 
will have a -J. 


If the rectangular vector 30+J40 VA represents the 
apparent power in a given circuit, 

a. there is 40 watts of true power 

b. the circuit is capacitive 

c. the circuit is inductive 

d. the power factor is 100 percent. 
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10. 


If a resistance, inductive reactance, and capacitive 
reactance, each unequal to the other, are connected 
first in series and then in parallel, 
a. total impedance is the same in either case 
b. the power factor is the same in either case 
c. current would lead in the series connection 
and lag in the parallel connection 
d. total impedance will depend on the type of 
connection. 
A wattmeter 
a. will give a positive indication for an inductive 
circuit and a negative indication for a capaci- 
tive circuit 
b. indicates line volt-amperes at all times 
c. cannot normally differentiate between capaci- 
tive and inductive loads 
d. is essentially a series voltage coil and paral- 
lel amperage coil acting on a common meter 
movement. 
The load rating of an a-c generator or inverter is 
determined by 
a. the amount of internal heat it can withstand 
b. the power factor of its load 
c. its power rating in watts 
d. multiplying full-load current by no-load voltage. 
The internal heating of ana-c generator or inverter is 
a. caused by energy current only 
b. caused by reactive current only 
c. maximum when the load power factor is 100 
percent 
d. caused by any current, regardless of its na- 
ture, that flows through its armature. 
An a-c generator's output voltage is connected in 
parallel to aresistance R,and an inductive reactance 
XL. Acapacitive reactance XC is then also connected 
in parallel. If XC is equal to XL, 
a. reactive current through the generator will be 
maximum after XC is connected 
b. circulating current between the capacitance and 
inductance will be maximum 
c. the line phase angle will increase 
d. true power will decrease. 
The rectangular description of a vector 
a. will state its horizontal component first 
b. does not include any indication of the vector's 
direction 
c. refers to avector's length in relation to the 
length of one side of an imaginary rectangle 
d. will always state its vertical component first. 
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dl. 


"12, 


13. 


14, 


15. 


16. 


17. 


The polar vector 50/-53,1°, when converted to its 
rectangular form, is 
a. 50-J53.1 
b. 40-J30 
c. 30-J40 
d. 30+/40 
When the rectangular quantity 100 +/ 100 is converted 
to its polar form, it is 
a. 14.14/45° 
b. 141.4/-45° 
c. 141.4/45° 
d. 14.14/-45°. 
The conjugate of a rectangular quantity is 
a. the same quantity, but with the sign of its J 
factor reversed 
b. the square of the quantity 
c. the same as its polar form 
d. involved only in multiplying that quantity by 
another of the same type. 
If an impedance is represented as 20+J 15, 
a. it might consist of a resistance of 20 ohms in 
parallel with an inductive reactance of 15 ohms 
b. line voltage will lag line current when power is 
connected to this impedance 
c. the impedance is inductive 
d. line phase angle would increase if another im- 
pedance of 0-J15 ohms were connected in 
series. 
When consulting the table of trigonometric functions, 
a sine value of 0.6428, a cosine value of 0.500, anda 
tangent value of 5.6713 are each locatedinthat order. 
The indicated number of degrees for each value is 
a. 40°, 45°, 50° 
be. 30°, 32°, 34° 
c. 40°, 40°, 40° 
d. 40°, 60°, 80°. 
Two rectangular vectors have been multiplied, and 
chet product has been solved to the form of 25 +J10 
-J?20. Their final product will be 
a. 5+J10 
b. 25-J10 
c. 25+J30 
d. 45+J10. 
The tangent of the angle implied by the vector expres- 
sion 40-J20 is 
a. 2 
b. 0.2 
c. 5 
d. 0.5. 
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18. When multiplying a voltage by a current, in either 
polar or rectangular form, to obtain power, the 

a. energy component of the voltage is multiplied 
only by the energy component of the current 

b. conjugate of the voltage must be used 

c. problem cannot be worked without reference 
to the table of trigonometric functions 

d. answer will indicate totalapparent power with- 
out further solution by trigonometry. 

19. When pairing a-c quantities, represented by rec- 
tangular vectors, according to the algebraic signs 
of their J factors, you would group 

a. an inductive impedance with a capacitive volt- 
age, and a capacitive impedance with an in- 
ductive voltage 

b. the power ina capacitive circuit with the im- 
pedance of an inductive circuit, and the power 
in an inductive circuit with the current in a 
capacitive circuit 

c. the current in an inductive circuit with the 
impedance of aninductive circuit, and the cur- 
rent in a capacitive circuit with the impedance 
of a capacitive circuit 

d. the current and power of a capacitive circuit 
together, and the impedance and voltage of an 
inductive circuit together. 

20. When deciding whether to convert vector quantities 
from one form to another, you should remember that 
polar vectors are easier to 

a. add or subtract, and rectangular vectors are 
easier to multiply or divide 

b. subtract or multiply, and rectangular vectors 
are easier to divide or add 

c. multiply or divide, and rectangular vectors 
are easier to add or subtract 

d. add or divide, and rectangular vectors are 
easier to subtract or multiply. 
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ADVANCED ALTERNATING-CURRENT 
THEORY — CONTINUED 


INTRODUCTION TO POLYPHASE 
POWER SYSTEMS 


Advantages of Polyphase Systems 


In recent years, the a-c power systems in naval air- 
craft have assumed ever greater importance as part o: 
the aircraft's functioning equipment. The trend in elec- 
trical power systems is away from direct-current sys- 
tems and toward alternating-current systems. More 
specifically, the trendis almost entirely toward polyphas« 
a-c systems for the generation and distribution of elec- 
trical power. 

The weight-to-performance ratio is of prime impor- 
tance in the design of all airborne equipment, and this 
applies to electrical power components as well. This 
fact has a direct bearing on the reasons for using poly- 
phase systems instead of single-phase systems. A 
three-phase a-c generator or inverter of given weight 
and dimensions may have up to a 60 percent greater 
power rating than a single-phase machine of the same 
physical size and weight. This same approximate power 
rating applies also to a-c motors. | 

Another important consideration is the conductor 
weight of the distribution system. To conduct equal 
amounts of power, the three-phase system requires only 
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about 75 percent of the copper weight which would be 
required for a single-phase system. 

Also, the pulsating load on a single-phase a-c gen- 
erator is reflected in continuous pulsations of the me- 
chanical drive shaft speed and torque. In a three-phase 
generator, individual phase power is pulsating, but the 
total power of all three phases is constant if the load is 
balanced. Consequently, the generator drive shaft speed 
and torque are constant. 


Double Subscript Notation 


In working with problems which involve more than one 
voltage or current, it is best to employ a systematic 
means of identification for referring to these voltages 
and currents. One method for doing this is the use of 
letters used as subscripts. For instance, the currents 
in a parallel circuit of three branches might be referred 
to as I,, Iz, and I~. By using a double subscript (two 
letters), direction as well as identity may be established 
for a quantity. Suppose thethree parallel branches men- 
tioned are connected to a common bus, or point, identi- 
fiedas point 0. The three currents, if they were all flow- 
ing toward point 0, could then be referred to as Iy49, Igo, 
and Ico. Conversely, if all currents were flowing away 
from point 0, then a reversal of direction would be indi- 
cated by reversingthe currents' subscripts. In this case, 
they would be Io,4, Ipg, and Igc. 

This system of notation may be applied equally well 
to voltages, since voltage is assumed to act in a certain 
direction. As with current, the direction of avoltage may 
be indicated by the sequence of its subscript. | 

When voltages or currents are represented in equa- 
tions, their algebraic direction may be represented by 
the sequence of their subscripts as wellas their algebraic 
sign. This relation will be shown by referring to the 
voltages in the circuit shown in figure 4-1 (A). 

Total circuit voltage E,, is obviously comprised of 
the segment voltages £,4,, Epc, and Ecp. This fact could 
thus be stated in the form of an equation as follows: 


Exp = Egg @ Ege © Ecp- 
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(A) 





(B) 





Etv =—s——s« (Ege ®E gp) 


Figure 4-1.~(A) Circuit segment voltages; (B) segment voltage 
vectors. 


(Since the segment voltages are vector quantities, they 
must be added as vectors.) Assume the segment voltages 
have individual phase angles as shown in part (B) of figure 
4-1. Part (B) also shows how the successive combining 
of vectors produced £,y. Note that all vectors are acting 
in an A toward D direction. 

Since E,y is composed of the segment voltages shown, 
it follows that £,,) minus all segment voltages would 
equal zero. In equation form, after transposing and 
changing the signs of the segment voltages, E,,) is equated 
to zero as follows: 


Ean ® (-Eyp) © (-Epo) ® (-Ecp) = 0. 


(It must be remembered that to subtract vectors, one 
vector is reversed, and then the two are added.) Since 
all segment voltage vectors are to be subtracted from 
E,4p, all of them are reversed. By reversing subscripts 


119 
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the equation E4n @ (-Egp) © (-Egc) © (-Ecp) = 0 can 
be simplifiedas follows: E,y © Ep, ®© Ecp @ Enc = 9. 
To prove this equation correct, the successive vector 
subtraction of segment voltages from E,,, as indicated 
in the equation, is carried out in figure 4-2. 





Ecp — (Eap®Ega) 


Ecp (Eqp®Eg Enc) 
Egc 
igo° 


Figure 4-2.—Subtraction of voltage vectors. 
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In part (A), £,, is reversed to Ep, and added to Exp, 
obtaining E4n @® Epz,. In part (B), Ecp is reversed to 
Enc and added to (E,4n @ Epy), Obtaining (Exp © Epa © 
Enc). Note in part (C) that this quantity lies exactly 
along Epc, so that when Enc is reversed to Ec,, the result 
is zero. This proves, by direct vector analysis, that 
showing vector directions by subscripts is a method of 
representation which is both accurate and simple, when 
these vectors appear in mathematical equations. The 
use of double-subscript notation is particularly effective 
in separating and identifying polyphase voltages and cur- 
rents when these quantities are represented as vectors. 


Generation of Polyphase Voltages 


The three-phase a-c power system is by far the most 
commonly used of any polyphase system. For this rea- 
son, only the three-phase system will be discussed in 
this chapter. 

Alternating-current generators and inverters are 
manufactured in a variety of sizes, shapes, and ratings. 
These vary in appearance and performance from tiny 
synchro signal generators tothe relatively huge a-c gen- 
erators installed aboard certain large patrol-type air- 
craft. However, practically all these machines have 
some features in common. They usually have a rotating 
field of fixed polarity and a stationary armature. No 
matter what the size or complexity of these machines, 
they may be simplified for purposes of explanation to 
the forms shown in figure 4-3. 

The field is reduced to a simple rotary two-pole mag- 
net, and the armature windings are reduced to three 
simple coils fixed 120 electrical degrees apart. Note 
that dashed lines extend end-to-end through the field and 
all three coils. The dashed lines through the coils will 
be referred to as "coil planes,'' and the dashed line 
through the field will be referred to as the "field plane." 
The coils are labeled A, B, andC, and corresponding coil 
ends are connected to form a common reference point 
labeled 0, It is assumed that the coils are wound so that 
when the north field pole is adjacent to any coil, the direc- 
tion of induced voltage is AWAY from point 0 and TOWARD 
the lettered end of that coil. This voltage direction will 
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Figure 4-3.—Generation of three-phase sine waves. 
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of three-phase sine waves—Continued. 


eration 


Figure 4-3.—Gen 
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be referred toas "positive.'' A positive voltage may thus 
be identified by the order of its subscript (Eo,, Eog, Or 
Eoc). It follows that when the south field pole is adjacent 
to any coil, the direction of induced voltage is "negative"; 
that is, from the lettered end toward the common end. 
Again, the direction is indicated by the order of subscripts. 
Negative voltage would be Eyo, Ego, OF Eco. Peak voltage 
in the coils is 100 volts. 

At the starting instant shown in part (A) of figure 4-3, 
the field plane lies along an axis labeled x. At this in- 
stant, it can be seen that the field plane is at 60° to the 
plane of coil A. Consequently, the instantaneous voltage 
in coil A is 100 < sin 60° = 100 x 0.866 = 86.6 volts. The 
north field pole is adjacent to coil A, so its induced volt- 
age is positive. This value is indicated as +86.6 (Ep ,) on 
the sine graph to the right of the drawing. The plane of 
coil B is parallel (0°) to the field plane, so its voltage is 
zero. Coil C is at 60°, but adjacent to the south field 
pole, so its instantaneous voltage (£,,) is negative, -86.6 
volts, as shown on the sine graph. 

In part (B) of figure 4-3, the field has been rotated 
30° away from the X axis. It can be seen that all three 
coil voltages have undergone simultaneous changes, in 
accordance with the changes of their coil plane angles 
with respect to the field. These changes are traced as 
the beginnings of sine waveson the graph. Eo, increased 
from 86.6 volts to 100 volts. FE, started in a negative 
direction, becoming £,,, and increased to -50 volts. Eco 
decreased from -86.6 volts to -50 volts. 

Parts (C), (D), (E), and (F) of figure 4-3 show suc- 
cessive changes in the coil voltages. These changes are 
caused by additional rotation of the field. The progres- 
sive development of sine waves may be observed on the 
sine graphs. All parts of figure 4-3 should be studied 
carefully, since it illustrates the fundamental manner in 
which practically all three-phase voltages are generated. 

Figure 4-3 traces the development of sine waves only 
through five steps of 30° each, for the total field rotation 
of 150°. Ifthe development were continued for a full 360°, 
the sine graph would appear as shown in figure 4-4. 

Where the field in figure 4-3 started at the x axis and 
rotated 150°, the same field as represented by arrows is 
considered to have rotated 360° when shown in figure 4-4 


124 





Fema fi vocal 


Figure 4-4.—360° development of three-phase sine wave. 


Vectors of Three-Phase Voltage 


The methods used in figures 4-3 and 4-4 suffice to 
show how three-phase voltages are generated and their 
sine waves are formed. Also, the instantaneous magni- 
tude and direction of any phase voltage, for a given field 
position, is easily determined by observing the sine 
graph. However, the drawing and construction of the 
Sine graph itself is a laborious process. A more prac- 
tical and convenient method for representing three-phase 
voltages involves the use of rotating vectors of the type 
shown in figure 4-5 (A). Note that these vectors are laid 
out in such a way as to coincide with the three coil posi- 
tions shown in part (B). 


For ease of explanation, the a-c generator in part (B) 
has a fixed field and rotary coils. Regardless of which 
member is rotating, instantaneous coil voltage is still 
determined by the angle between field plane and coil 
plane. Any coil lying tothe right of the X axis will have a 
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(A) (B) 


Figure 4-5.—(A) Three-phase vector; (B) corresponding coil 
positions. 


positive direction of induced voltage, or AWAY from ter- | 
minal 0. Acoil lying tothe left would have a negative vol- 
tage. Peak voltage in acoil would exist when it lay exactly 
along the Y axis (peak positive tothe right, and peak nega- 
tive the left). If the peak value of coil e. m. f.'s were 
represented by the length of the rotary vectors in part 
(A), then INSTANTANEOUS voltage direction could be 
determined by observing on which side of the xX axis a 
particular vector is lying. Further, in addition to direc- 
tion, its instantaneous magnitude is determined by the 
angle (6) between the vector and the Y axis. That is, 
e = E =x sin 6, where e is instantaneous voltage, E. is peak 
voltage, and 6 is the instantaneous angle between a par- 
ticular vector and the Y axis. 


In addition to determining individual phase voltages, 
vectors may also be used to determine the voltage be- 
tween two conductors, where each conductor is connected 
to a different phase coil. Figure 4-6 will be used to 
demonstrate that this voltage (line-to-line voltage) is 
the DIFFERENCE of the phase coil voltages. To obtain 
line-to-line voltage from two such coils, the leading 
phase is subtracted algebraically from the lagging phase. 
In figure 4-6 (A), assuming a CCW rotation, coil B leads 
coil A. (Coil C is disregarded, since it contributes noth- 
ing tO E4,-) The line-to-line voltage must be E4y - Eo, 
or -86. 6. - (486.6). Dropping the parenthesis and chang- 
ing the sign within, E,, = -86.6 - 86.6 = -173.2 volts. 
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Figure 4-6.—Combining polyphase voltages by vectors. 


WYE-CONNECTED SYSTEMS 
Voltages in a Wye-Connected System 


The wye connection for a three-phase system is one 
in which an end of each phase is connected to a com- 
mon junction. It is probably apparent by now that this 
type of connection affects system voltages in ways 
peculiar to itself. 


If the same operation were carried out vectorially, 
the usual rules for subtracting vectors would apply. 
Referring to figure 4-6 (B), vector £,, is leading, and is 
therefore the subtrahend. To subtract Eo, from Eo,, Eon 
is reversed 180° as shown, and then added to Ep,. The 
result is E4,. Note that £,, lies exactly along the Y axis, 


127 


and is also to the left of the X axis. This means that at 
the instant shown in both (A) and (B), the line-to-line 
voltage is at its negative peak value. If vectors E,, and 
Eopn are considered to be 100 units long, then E,, is 173.2 
units long. That is, the peak value of line-to-line volt- 
age E,, is 173.2 volts. Part (A) and (B) are thus seen to 
be in complete agreement. 

In part (C) of figure 4-6, the coils have been rotated 
so that both lie to the right of the X axis, and are equal 
distances from the Y axis. 

Consequently, both have positive and equal voltages. 
In this case, E,, is obviously zero. This is proven as 
follows: E,, = +50-(+50) = +50-50 = 0 volts. This 
agrees with the vector representation as shown in part 
(D). Note that vector £,, lies exactly along the X axis, 
indicating a magnitude of zero. 

Figure 4-7 depicts a four-wire, three-phase system 
of the type most commonly used in naval aircraft. In 
addition to the three-phase conductors, a fourth con- 
ductor is brought out from the common junction. This 
conductor is most commonly referred to as "neutral." 
Voltage V. in figure 4-7 (A) is taken between the phase- 
line (A) and neutral. This is known as "line-to-neutral" 
voltage, and is obviously equal only to the voltage of the 
phase across which it is taken. Voltage V, is a "line-to- 
line'' voltage. As shown in (B) of figure 4-6, the line-to- 
line voltage of two coils 120° apart is equal to EITHER 
coil's voltage times 1.73. It can be stated that in figure 
4-7 Vv, = Vv, or v, x 1.73 (1.73 = /3). This relation is 
true for all wye-connected three-phase systems under 
balanced load conditions. That is, line voltage £, is 
equal to coil (phase) voltage E, times /3 or (E,; = Ec * 
1.73). This is true, using either effective coil voltage 
or peak coil voltage. However, the resultant line voltage 
will also be of corresponding effective or peak value. 
Conversely, if line voltage E, is known, coil voltage is: 


An additional characteristic of wye voltages is shown 
in (B) of figure 4-7, It can be seen that any line-to-line 
voltage lags one of its phase voltages by 30° and the other 
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v= Vo OR V3 X 1.73 
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Figure 4-7.—Valtages in wye-connected three-phase system. 


phase voltage by 150°. This would be true for any two 
combined phase voltages, such as the combining of V, 
and V; to produce V,. 


Currents in Wye-Connected Systems 


Figure 4-8 (A) shows a wye-connected three-phase 
generator supplying a balanced load. Each load resistor 
is 100 ohms, and all three resistors are connected in 
wye. The generator voltages (e. m. f.'s) are designated 
by the letter E, and the load voltages by the letter V, as 
is customary. The sum ofthe e. m. f.'s at terminal 0 
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Eoa™ + SOV. 
Eo’ =0 





Ve'o' = +100 V 
Va'o' = ~ SOV. 


Eos = + 50 V. 


To'c' = + IA. 
Ip'o' = —.5A. 






(B) 


Figure 4-8.—Currents in a wye system. 


can be seen as being equal to zero. Also, the sum of the 
load voltages at terminal 0' is also zero. Thus it follows 
that there is no difference in potential between O and 0’. 

Figure 4-8 (B) shows that the sum of the currents en- 
tering and leaving terminals O and O' are also equal to 
zero. Since no potential difference exists between ter- 
minals O and 0’, no current flows between them. This 
condition is true only when the system is balanced, and 
a system is balanced only when the following conditions 
exist: 

1. All phase e. m. f.'s are equal. 

2. All phase load impedances are equal. (They may 
be reactive, but are considered balanced when each has 
the same reactive characteristic and power factor.) 
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3. All phase currents are equal. 

The loads in figure 4-8 are not reactive, so the cur- 
rent and voltage of each resistor are in phase. Conse- 
quently, the coil currents and generated e. m. f.'s in the 
generator must also be in phase. Since it has already 
been established that the voltage of any wye line lags by 
30° the voltage of the phase coil to which it is connected, 
then it follows that this line voltage also lags the coil 
current by 30°. This is true for a BALANCED system. 
That is, the 30° difference between line current (same 
as coil current) and line voltage in a wye-connected sys- 
tem is merely another wye system characteristic. It 
must not be confused with phase differences caused by 
reactive loads. Reactive loads may cause line current 
to be out of phase with coil voltage as well as being out 
of phase with line voltage. 

Figure 4-9 (A) is the vector diagram of a generator 
supplying a nonreactive (resistive) load. Note that each 
phase current is in phase with its coil voltage, and that 
each line voltage is 30° out of phase with its coil voltage. 
This is as they should be. In part (B), assume the same 
generator is represented but that its load has been changed 
from a balanced resistive to a balanced inductive load. 
The inductive nature of the load phases will cause their 
currents to lag their voltages by the angle 6. This same 
lag is reflected automatically in the generator coils, 
since coil current, line current, and load current for a 
given phase are one and the same in a wye system. The 
lag for all three phases is the same, since it was as- 
sumed that the load is balanced. That is, each load phase 
has the same inductance. Part (B) thus shows how the 
coil current in the generator may be moved out of phase 
with coil voltage, by the type of load placed on the gen- 
erator. (It is significant to note at this point that a 
capacitive load would have caused leading coil currents 
in figure 4-9.) 

Regardless of load characteristics, any reference 
made to the power factor of a three-phase system refers 
to the phase angle between COIL voltage and COIL cur- 
rent. If line voltage rather than coil voltage were used 
as a reference, the factor 9 - 30° or 6+30° would have 
to be taken into consideration. Also, when an unbalanced 
condition exists, each phase may have a power factor 
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Figure 4-9.—(A) Balanced resistive load vectors; (B) balanced reactive 
load vectors. 
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angle different from the others, so that power must be 
computed for each phase separately to obtain total power. 
Under these circumstances, the term "system power 
factor" would be meaningless. 


Power in Wye Systems 


When an a-c generator or inverter is supplying a load, 
the total power being supplied is the sum of the power in 
all three phases. If the load is balanced, then the power 
being supplied by each generating coil is the same, and 
total power is P; =P. x 3, where P- is the power in any 
phase, or coil. The power for any coil is Po =Ec¢ * I¢, 
where £E- is coil e. m. f. and I¢ is coil current. 

Line power (the same as total power) is determined 
by computations based on line voltage and current, rather 
than coil voltage and current. Total power expressed in 
terms of coil voltage and current is 


Pr 23x EX Ic. 


If power is to be expressed in terms of line voltage 
E, and line current I,, these quantities are substituted 
in the same formula, as follows: 


Ec 
PL 173 
Substituting Ec 


Py = 3 X Jaz * Ic = 1.73 xX E, x I,. 


When a three-phase system is balanced, it can be seen 
that total power may be expressed in terms of line volt- 
age and current, since all three respective values are 
equal, and it is assumed that individual phase powers are 
equal. However, in an unbalanced condition, individual 
phase powers are expressed separately, since each may 
have a power different from the others. Obviously, in- 
dividual coil voltages and currents would have to be used. 
Total power in unbalanced systems would then be the sum 
of the individually determined phase powers. 

When a balanced system is reactive, the power factor 
of the system must be used to indicate total TRUE POWER, 


133 


after total volt-amperes is determined. Assuming that 
the system is balanced, then the power factor angle 6 is 
the same for all phases. This angle is considered to be 
the system power factor angle. Using line values for 
voltage and current in a reactive system, the formula 
P; = 1.73 =< E, < I, will produce total volt-amperes. The 
total true power in watts is P;p = 1.73 x E, x I, x cos 9, 
which takes the system power factor into consideration. 

When a system is both reactive and unbalanced, there 
is no such thing as a system power factor,'’ unless such 
a term is used to refer to the average of the individual 
phase angles. As stated before, total power in an unbal- 
anced system is the sum of the power in all the phases. 
The solution of unbalanced systems will be discussed 
later in this chapter. 


DELTA-CONNECTED SYSTEMS ~° 
Voltages in a Delta System 


Figure 4-10 (A) shows a wye-connected generator 
with typical instantaneous values of coil e. m.f. As- 
sume that the three voltmeters are capable of measuring 
instantaneous values of voltage. It can be seen that each 
voltmeter indicates the combined e. m. f. of two coils, 
because each pair of lines is connected across the ends | 
of two coils. | 

In (B) of figure 4-10, the common coil ends are dis- 
connected from each other, and these same coil ends are 
then reconnected by jumpers, as shown, to the outer ends 
of adjacent coils. Since any two points connected by a 
jumper are electrically the same, these two points may 
be joined directly, as shown in (C), and the jumper is 
eliminated. The generator is now connected in delta. 

The instantaneous e.m.f.'s are the same in each gen- 
erator coil in(C) as they were in(A). Only the coil inter- 
connection has been changed in the generator. On the 
lines, however, significant changes in voltage have taken 
place, as shown by the voltmeters. These changes take 
place because each pair of lines is now connected across 
a SINGLE coil, rather than a pair of coils. This shows 
that, unlike wye-line voltages, the line-to-line voltage in 
a delta-connected system is always the same as the coil 
voltage; that is, E,; = Ec. 
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Figure 4-10.—Comparison of wye voltages to delta voltages. 





It might seem at a glance that the line-to-line voltage 
across a particular delta coil would be affected by the 
e. m. f.'s in the remaining two coils, since the pair is 
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connected at each end to the same points across which 
voltage is being measured. This is not true, however, 
because the instantaneous magnitude and direction of 
e. m. f. in a particular coil is always equal and opposite 
to the SUM of the e. m. f.'s in the remaining two coils. 
Therefore, the measurable effect of the e. m. f.'s in the 
remaining two coils is zero. This may be seen more 
clearly when you consider the voltmeter reading E_-, in 
(C) of figure 4-10. The induced e. m. f. in coil AC is 
zero. Also, the sum of the e. m. f.'s E,, and Ec, is zero. 
Therefore, any voltage measured across the coil AC is 
considered to be a voltage induced into that coil as a 
function of the generator. In a balanced delta system, 
no current will be impressed through a particular coil 
by the remaining two coils, but will flow as a result of 
its own induced voltage. 

Because the e. m. f. in a particular coil is equal to 
the sum of the e. m.f.'s in the remaining two coils 
(Ec, © Epc = 0), then it follows that the sum of all three 
e. m.f.'s around the delta loop is zero at all times 
(Ec, ® Ep, © Epc = 0). This is shown in figure 4-11 





Figure 4-11.-Measurement of sum of delta loop voltages. 
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where the coil connections at point A are broken to form 
points A and A’. If a voltmeter were connected between 
these points as shown, it would ir. ticate zero at all times, 
provided each coil is identical to the other. As a matter 
of fact, this is referred to as ‘'closure voltage," and is 
one of the final items to be checked before the final con- 
nection is made when it is decired to operate a trans- 
former or a-c generator in delta. That is, should a volt- 
age exist from A to A’ it would indicate that a coil is 
reversed. Correction would have to be made before mak- 
ing the final connections, or "closure" of the delta, to 
avoid short circuit current flow. 


Currents in a Delta-Connected System 


Figure 4-12 (A) represents a delta-connected gener- 
ator with coil currents whose peak value is 10 amperes. 
Coils AC. and CB are both at 60° from the zero X axis, so 
their instantaneous currents are of the magnitude shown 
(10 x sin 60° = 8.66 amp.). Since the two currents are 
acting in opposite directions around the delta loop, they 
are given opposite algebraic signs. In this explanation, 
coils lying above the Y axis will have positive voltages 
and currents, while those lying below the Y axis will have 
negative values. 

The current carried by a delta line (I,), such as the 
one connected to terminal C in figure 4-12 (A), is equal 
to the difference of the currents in the two coils to which 
the line is connected. Thus, in figure 4-12, the line cur- 
rent is I, = Ic, - Icg = +8.66-(-8.66) amps. Removing 
the parenthesis, changing the sign within, and combining 
terms, line current is +8.66 + 8.66 = 17.32 amperes. 
Note that the value for the leading phase current (Ic;,) is 
the subtrahend. Figure 4-12 (B) is a vector representa- 
tion of the instantaneous conditions shown in (A). The 
two coil current vectors, I,- and Ic, are each 60° from 
the zero X axis, which corresponds to the coil positions 
shown in (A). Coil CB is leading, so its current vector is 
the subtrahend and must be reversed. When Ic, is re- 
versed to Ipc and added to I;,, the resultant is I;. The 
length of vector I, is 1.732 times the length of either 
coil current vector. This relation shows that the peak 
value of a delta line current is equal to 1.732 times the 
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(A) ~60° 





Figure 4-12.—Currents in the delta connection. 


peak value of coil current. The same relation also ap- 
plies to the effective value of line and coil current. 


In figure 4-12 (B) it can also be seen that line cur- 
rent lags the nearest coil current by 30°. It must also 
lag line voltage by 30°, because line voltage, coil volt- 
age, and coil current are in phase in a balanced delta 
system. This is shown more clearly in figure 4-13. 


Figure 4-13 (A) shows that coil voltage and line volt- 
age are one and the same and are labeled Ec (E,) for all 
three delta phases. These coil voltages are in phase , 
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Figure 4-13.-(A) Vectors for balanced nonreactive delta; (B) vectors 
or balanced reactive delta. 
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with their coil currents I,,, Ic¢g,, and Ic,. As stated 
previously, line current lags coil current and voltage by 
30° when the load is resistive and balanced. This rela- 
tion for all three phases is shown in (A). That is, each 
of the line currents I,, I,, and Ic lag their respective 
nearest coil currents and voltages I,4p, Icg, and Ic, by 
30”. 

Figure 4-13 (B) represents the same generator when 
a balanced inductive load is connected. Coil voltage and 
current are moved out of phase with each other by angle 
6. When this happens, line current remains 30° out of 
phase with coil CURRENT, but is now 6 +30° out of phase 
with coil VOLTAGE. 

At this point, you should refer to figure 4-9 (B). Re- 
member that this vector diagram represents a WYE- 
CONNECTED generator supplying a balanced inductive 
load. Note that coil voltage E>, and line voltage E,- are 
considered fixed 30° apart, while coil current Ip, is 
varied by angle 6. However, in figure 4-13 (B) where 


the generator is connected delta, coil current I,, and . 


line current I, are considered fixed 30° apart, while coil 
voltage E- is varied by angle 9. In the wye system, line 
voltage and current are 30° minus 6° apart, while in the 
delta system they are 30° plus 6° apart, and the loads 
are identical in both cases. However, note that coil cur- 


rent lags coil voltage by @ in both systems. This is the 


reason for using coil phase angles for computing power 
instead of line phase angles, regardless of how the sys- 
tem is connected. 


Power in Delta Systems 


Power in a delta system is computed in practically the 
same manner as in a wye system. Coil, or phase power, 
is Pc = Ec x Ic, and total power is three times the phase 
power, or Py; = 3x Pc. If line current and voltage are 
used, then Py = 1.732 x E, x I;. When the load is not re- 
active, total power and true power are the same. Witha 
reactive load, however, where coil voltage and coil cur- 


rent are not in phase, then E, < I; represents phase volt- : 


amperes (apparent power) only. True power per phase 


: 


would be E, x Ic x cos 6, and VARS per phase would be | 
Ec x Icx sin 6. Total true power in the system would ;? 
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be three times the phase true power, assuming each 
phase is the same, and total system VARS would be three 
times the phase VARS. 

In an unbalanced system, total power is the sum of the 
power in all the phases, where each phase power is com- 
puted separately and then added to the others. As in the 
unbalanced wye system, the term "system power factor" 
is still practically meaningless when applied toan unbal- 
anced delta system. 

Figure 4-14 represents a single a-c generator and a 
balanced inductive three-phase load, connected first in 
wye, and then in delta. It can be seen that total apparent 
power, total true power, and total VARS are the same, 
respectively, in both systems when the following compu- 
tations are applied to each. 

The apparent power of one phase or coil is 








(Eine) 
100V. 


Figure 4-14.—Phase relation of line current to line voltage in wye and 
delta systems. 
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APc = Ec x I¢ 


100 x 10 


1,000 VA. 


To determine true power and VARS, angle 9 must be 
determined, and is done as follows. The impedance of a 
load phase is 8+J/69. Therefore the tangent of angle 6 
is J6/8: 


Tan 6 = pe 
= 0.75 
0.75 = tan 37° 
6 = 37°. 


True power per phase is AP- < cos 6. 


Prp = APc x COS 37° 


1,000 x 0.8 


800 watts. 


VARS per phase is AP, ~ sin 6. 
VARS = AP sin 37° 


1,000 « 0.6 


600 VA. 
Total true power is three times the true power per phase. 


Pr = Pox 3 


800 < 3 


2,400 watts. 
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Total VARS is three times the VARS per phase. 
VAR, = VARc x3 

600 =x 3 

1,800 VA. 


Total apparent power is three times the phase apparent 
power. 


AP > = APc x 3 
1,000 x 3 
3,000 VA. 


Total line power is the same as total phase power. 

From the foregoing, it can be seen that coil, or phase 
voltages, currents, and phase angles are the same for 
both the wye and delta systems. The major differences, 
then, lie in their respective values of line voltages, cur- 
rents, and phase angles. Where one has a higher voltage 
on a given line (173 v. in the wye system, and 100 v. in 
the delta), the other will have a higher current onits cor- 
responding line (17.3 amps. in delta system, and 10 amps. 
in the wye). However, one factor compensates for the 
other so that line power is equal in both systems. This 
is shown as follows: 


Line power for either system is: 
P= 1.73 x E, x I, VA. 
Substituting wye line values, line power is 
P= 1.73 <x 173 volts x 10 amps. 
= 3,000 VA. 
Substituting delta lines values, line power is 
P = 1.73 x 100 volts x 17.3 amps. 


= 3,000 VA. 
Thus, in both systems, line power is 3,000 VA. 
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As already mentioned, another difference between the 
wye and delta system pertains to their respective line 
phase angles. This difference is shown in the vector 
diagrams in figure 4-14. To be correct, certain condi- 
tions must be met in both diagrams. Angle @ must be 
the same in either system with coil voltage leading coil 
current. 

Also, wye line voltage must lag wye coil voltage by 
30°, and delta line current must lag delta coil current 
by 30°. With 6 equal to 37°, for the conditions shown, 
then the two vector diagrams are correct. It can be 
seen that under the load conditions shown, line current 
lags line voltage by 7° in the wye system, (30°+ 06° = 
30° + (-37°) = -7°). It can also be seen that line current 
leads line voltage by 67° in the delta system under iden- 
tical load conditions (30° -6 = 30° - (37°) = 67°). 


ADMITTANCE, CONDUCTANCE, AND 
SUSCEPTANCE 


Symbology and General Formulae 


A-c problems may be solved by methods other than 
those given in chapter 3. One of these methods involves 
the use of admittance in various mathematical processes. 

The admittance of an a-c circuit is similar to the con- 
ductance of ad-c circuit, in that both are reciprocal quan- 
tities. Where conductance (symbol G) is the reciprocal 
of resistance (1/R), admittance (symbol Y) is the recip- 
rocal of impedance (1/Z). Admittance is the complex 
reciprocal of complex impedance. That is, if the com- 
plex impedance of an a-c circuit is 2-/4, then the 
admittance (always written in complex form) is the recip- 
rocal of that impedance, or 1/(2-J 4). The unit of admit- 
tance, as for conductance, is the mho symbolized by vu. 
The two rectangular members comprising admittance 
are conductance (G) and susceptance (8). Susceptance 
is the reciprocal of reactance (1/X¢ or 1/X,). The 
general form for representing admittance is thus 
written Y=G:sjJjJB mhos. To demonstrate, the ad- 
mittance will be determined for a circuit whose im- 
pedance is 2+J5 0. 


144 








_ 1 
Y= 24)5 
-_1_ 2-J5 
2+¢J5 2-J5 
_ 2-55 
2 


0.069 -/0.172 0. 


Note that Y is composed of 0.069 mho of conductance 
and -/.172 mho of susceptance. Note also that the sign 
of the J operator for an impedance is reversed when that 
impedance is converted to its admittance. It isimportant 
that this relation be fixed firmly in mind. That is, where 
the J operator for an inductive impedance is plus, the J 
operator for its admittance is minus. It follows that the 
same inverse relation applies for capacitive impedance. 

Admittance, rather than impedance, may often be used 
to an advantage in certain types of problems. It will be 
used in this chapter for the solution of unbalanced poly- 
phase power systems, and in the application of Millman's 
theorem. 


Solution of Circuits by Admittance 


You have solved a-c problems using the parameters 
I,£,andZ. You can also solve these problems by the 
use of I, E, and Y. To do so, however, you must first 
become familiar with the way in which Y is used in rela- 
tion to I and E. 

Consider the following algebraic relation of Z to Y: 


also 


Since Y is obviously the exact inverse of Z, then y will 
- always have the opposite effect in a mathematical for- 
mula that Z would have. That is, where Z is used as a 
multiplier, Y would be used as a divider, and vice versa. 
This inverted relation becomes apparent when you study 
the following columns in table 4-1. The left column con- 
sists of relations of I, E, and Z, with which you are 
familiar. The right-hand column gives the same rela- 
tions, except that Z has been replaced by yY. 


Table 4-1.—Relations of Y to Z. 


eck ois (A) 
Z=5 Y=5 
r= I=ExY (B) 
E=1xZ ped (C) 
Y 
-£ deck 
Z=5 Y=5 (D) 
2 
P = 122 p=< (E) 


In order to familiarize you with mathematical proc- 
esses involving admittance, all of the five relations in 
the right-hand column of table 4-1 will be applied and 
their values solved for the circuit shown in figure 4-15, 
starting with (A). The total circuit admittance will be 
determined after solving the branch admittances Y, and 
Y, as follows: 





1 
1 
Y1 = 6-78 
_ 1 6+ /8 
~ 6-78 * 64+ 78 (A) 


R42 


X, 62 





Y, = 6+/8 


0.06+/0.08 mho (Answer) 


2, 


_ 1 
4+ /6 


__ 1, 4-56 
= G4j6 © 4-76 


_ 4-76 
~ 52 


0.007 - 0.115 mho (Answer). (A) 


To determine total circuit admittance, you need only 
to add all branch admittances. This is one of the advan- 
tages gained by the use of admittance. That is, the total 
admittance of a parallel circuit is determined as easily 
as the total resistance of a series circuit. This is true 
since both are determined by simply adding their respec- 
tive values. Thus, total admittance (Y,) in figure 4-15 is 
Y,+Y,, added as follows: (0.06 + 0.08) + (0.077 - 0.115), 
then Yr; = 0.137 -/0.035. 


Total current I; is determined by multiplying voltage 
E by total admittance Y;. 
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Ir Ex Yr 
(10+ 0) x (0.137 - 70.035) = 
10.000+J0 
0.137 - 70.035 
1.37+ 70 
- J0.35 - J70 
1.37-0.35 amp. (Answer). (B) 


Branch currents I, and I, could also be determined by 
multiplying the voltage by branch admittances Y, and yY,. 

If Eis not known, but I, and Y,are given, E may be 
determined as follows: 


Ir 


oe ee 
EFy 


_ _1.87- 70.35 
0.137 - 70.035 


1.37-J0.35  0.137+/0.035 
0.137- 70.035 © 0.137+ 0.035 


0.20+J0 
0.020 


10+/0 volts (Answer). (Cc) ° 


Where I, and £ are known, and Y; must be determined, 
then: 
Ir 

Yr = — 
— 1.37 -J0.35 
~ 104+ 70 
_ 1.37-J0.35 , 10-J 0 
10+ 70 10-J 


_ 13.7-J3.5 
= ~~ {00 


= 0.137 - 70.035 mho (Answer). (D) * 





© 
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Power can be determined when current I; and admittance 
Y, are known. 


_ (1.37 - J0.35)? 
0.137 - 70.035 


_ _1.76- 70.96 
0.136 - 0.035 


_ _1.76-J0.96 0.137 +J0.035 
= 0.137-J0.035 ~ 0.137 + 0.035 


_ 0.274 - 0.0694 
= ~—~0.0310 


8.84+/3.95 VA. (Answer) (E) 
MILLMAN’S THEOREM 


This theorem pertains to a special method of analysis 
for two-node networks. A two-node network is one con- 
sisting of two or more branches connected in parallel. 
The "nodes" of such anetwork are those two points where 
all branch ends terminate. For instance, the standard 
aircraft d-c power system is a typical two-node network. 
One node is the d-c power bus, where all d-c branches, 
including generators and batteries, terminate at a com- 
mon high-potential point. The other node is the airframe, 
where all branches terminate to ground, or a common 
low-potential point. 

Millman's theorem enables you to determine the node- 
to-node voltage of a parallel network when more than 
one source of potential, each different from the other, is 
supplying power. Such a condition exists, for instance, 
when a 28-volt generator and a 24-volt battery are con- 
nected to the same bus. Depending on the size of the load 
connected, bus voltage (node-to-node voltage) will prob- 
ably be between 28 and 24 volts. However, if the load 
were heavy enough, bus voltage could be less than 24 
volts. The problem of computing the current supplied 
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by each power source under various load conditions would 
be simplified if the bus voltage could be determined for 
each condition. This is exactly what can be done by use 
of the Millman method where the bus and ground are 
treated as the two nodes of a parallel network. 

Figure 4-16 shows two unequal current sources con- 
nected in parallel between the common nodes O and #. 
E, represents a generator whose e. m. f. is 28 volts, and 
whose internal resistance is F,. The conductance of RF, 
is G,, and e, represents the generator's internal voltage 
drop when it is supplying current. £, is a battery whose 
e. m. f. is 24 volts, and whose internal resistance is R,. 
The conductance of R, is G,, and e, represents the bat- 
tery's internal voltage drop when it is either supplying 
current or is being charged. The system load is R,. 
The problem is to determine the current supplied by the 
generator (1,) and battery (7,) when the load is as shown. 
This can be done when the node-to-node voltage Eo, is 
known. (Eo, is merely the terminal voltage of the cur- 
rent sources under load.) Millman's theorem states that 
the voltage across a two-node network is equal to the 
sum of thecurrents in all the potential sources, divided by 
the sum of all branch conductances. Thesource currents 
are expressed in terms of source e. m. f. and the con- 
ductance of the source's internal resistance, (I = E ~ G). 
The general mathematical form of Millman's theorem is 


E.. = ALL SOURCE CURRENTS 
ON ALL BRANCH CONDUCTANCES 


R, 0a 
‘63.108 





Figure 4-16.—A two-node network with unequal current sources. 
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When this formula is applied to figure 4-16, it is as 
follows: 


I, +I, 
Fon = G,+G,+G, 
p= F101 + FaGy 
ON “G1, +G,+G, 


_ (28 = 0.25) + (24 « 0.20) 
= 0.25 + 0.20 + 0.10 


7+ 4.8 
0.55 





= 21.45 volts. 


With Eo, known, the load current I, can be readily 
determined. 


I=ExG 
Tz = Eon * G3 


21.45 x 0.1 


2.145 amps. 


The internal voltage drop of the generator (e,) must be 
the difference between its generated e. m. f. and its ter- 
minal voltage. 


e, = E, - Eon 


28 - 21.45 


6.55 volts. 


The internal voltage drop of the battery is 
€2 = Ey -Eow 

24 - 21.45 

2.99 volts. 
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Generator current can now be determined. 
I= ExG 


Fee ey Gy 


6.55 <x 0.25 


1.635 amps. 


Battery current can also be determined. 
Tn = eg * Gy 


2.99 x 0.20 


0.510 amp. 


As a final check, I, should equal the sum of I, and I,. 
I, +I, = 13 
1.635+0.510 = 2.145 
2.145 = 2.145 (check). 


It can readily be seen that the useof the Millman for- 
mula is a more convenient method for solving this type 
of problem than the application of Kirchoff's laws, or the 
various mesh methods. The Millman method does not 
require the use of lengthy simultaneous linear equations. 
In addition to its usefulness as a method of solving d-c 
systems, it is also extremely useful in the analysis and 
solution of polyphase a-c systems. The major difference 
in the two applications is that when the Millman theorem 
is applied to a-c systems, admittances, rather than sim- 
ple conductances, are used in the formula. 

As previously stated, the Millman method enables you 
to resolve a number of unequal potentials into a single 
node-to-node value. This is the key to its usefulness in 
solving polyphase a-c problems. The coil e. m. f.'s ina 
three-phase system are always different from each other 
if their instantaneous values are considered. Therefore, 
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they may be considered as three instantaneously unequal 
current sources, and their net result may be resolved 
intoa single instantaneous value when thethree e. m. f.'s 
are connected between twonodes. However, even instan- 
taneous values will establish phase relations which are 
constant. 

Figure 4-17 represents a balanced wye-connected sys- 
tem with no neutral conductor. Part (B) shows how each 
instantaneous coil e. m. f. is identified by its rectangular 
coordinates. The instantaneous magnitude and direction 
of each coil e. m. f. is also indicated by the arrows in 
part (A). The three coils are supplying power between 
the two nodes O and 0’, so their instantaneous resultant 
potential Egg: may be determined by the use of Millman's 
theorem. The three loads are equal, so their admit- 
tances are equal. Since the system is balanced, there 
should be no difference in potential between O and 0’. 
Eqa-50 V. Ya 


TA a 


Ig __m Eg l00V. 


Ic Ec -50 V. 





Eoat!00 / 120° =-50 +) 86.6 
Eog=l00/ 0° =100 +jO 
Eoc=100 /-120° = —50— j86.6 





--——J —j86.6 (B) 


Figure 4-17.—Instantaneous representation of three-phase voltages. 
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That is, E59’ = 0. This will be proven by the application 
of Millman's theorem. The load admittances must be 
solved first, since they appear in the theorem formula. 








1 
Mz 
z 1 
10+J0 
_ 1 : 10-0 
~ 10+7/0 10-J/0 
_ 10-J0 
~ 100 
= 0.1-J0. 


All the load admittances are equal, so 0.1-J/0 6 is 
the admittance for any of the three branches. Solving 
for Ego’ can now be carried out. 


E 1» _tatinitte 
00 “'Y¥,+Y¥,+Y¥¢ 


EY, +EpY¥ptEcYc 
Y,+Y,t¥o 


(-50+J86.6)(0.1+J0) + (100+J0)(O. 1+J0)+(-50-J86.6)(0.1+J0) 
(0. 1+J0) +(0.1+J0) +(0. 1+J0) 


- 0.3+/J0 


This proves what was already stated—that £,,' is zero 
for a balanced system. However, you should study care- 
fully the manner in which the system quantities were 
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operated with one another. In this way you will be able 
to solve unbalanced systems more readily. 


UNBALANCED POLYPHASE SYSTEMS 


Up tothis point, only balanced polyphase systems have 
been discussed. For purposes of explanation, it was as- 
sumed that ideal conditions existed, where all phase volt- 
ages, currents, and power rates were equal. Moreover, 
it was assumed that the three-phase voltages were exactly 
120° apart in their time-phase relations to each other. 
In practice, however, such ideal conditions rarely exist. 

It is practically impossible to connect a number of 
separate loads to a three-phase generator in such a way 
that the demand on each phase is exactly equal to the 
demand onany other phase. This is especially true when 
the types of loads are not identical (motors, lighting, 
transformers, etc.). In addition to unequal wattage de- 
mands, each load component will most likely have a dif- 
ferent reactive characteristic. The resulting unequal 
phase currents will produce an unbalanced condition in 
the system's line voltages. They will either be unequal 
in magnitude or no longer 120° apart. In many cases 
both conditions will exist. The amount of unbalance or 
phase displacement depends on the differences of the 
loads and the loading characteristics of the generator. 
Obviously, this unbalance must be kept at a minimum, 
and should be of prime consideration when loads are either 
removed from or connected ina polyphase power system. 
You should be familiar with the causes and effects and the 
methods of correcting for unbalanced systems. 

CAUSES OF UNBALANCE.—In three-phase systems 
the causes of unbalance are: (1) Single-phase loads of 
unequal volt-ampere demand; (2) loads of equal volt- 
ampere demand, but with unequal reactive characteris- 

tics (power factor); and (3) fault conditions. 

EFFECTS OF UNBALANCED LOADING.—The effects 
of unbalanced loading depend on the characteristics of 
the generator, the impedance of the line conductors, and 
the design of the generator's voltage regulator circuit. 
Some regulators sense the voltage of one phase, while 
others sense the average of all three phases. In general, 
excessive current in one phase will causea rise in voltage 
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in at least one of the other phases. At the same time, 
the phase voltages will no longer be at the desired 120° 
from each other. 

Another effect of unbalanced loading is that the total 
capacity of the generator is reduced. For example, con- 
sider a 6,000 VA. generator with a rating of 2,000 VA. 
for each phase. Assume that a single-phase load of 500 
VA. has been placed on one phase. The maximum addi- 
tional three-phase load the generator can now carry is 
4,500 VA., with 1,500 VA. being placed on each phase. 
At this time, the preloaded phase is carrying 2,000 VA., 
its rated capacity, while two phases are carrying only 
1,500 VA. each. No additional three-phase load may be 
added without danger of overloading the phase carrying 
2,000 VA. Thus, by connecting an unbalanced load, the 
total capacity of the generator has been reduced from 
6,000 VA. to 5,000 VA. (2,000 + 1,500 + 1,500 = 5,000). 

The performance specifications a power source (air- 
craft a-c generator and voltage regulator) must meet to 
be acceptable to the Navy are given in Military Specifi- 
cation MIL-G-6099. The following is taken from that 
specification. 

UNBALANCED LOADS.—The effects of single-phase 
and unbalanced three-phase loads on the voltage balance 
of a three-phase generator shall be determined as fol- 
lows, at both maximum and minimum rated speeds: 

1. Starting with the generator carrying no load, a 
nonreactive (unity power factor) load shall be placed on 
one phase. This load shall require first 1/3 and then 
2/3 of the rated output current from that phase. 

2. Starting with the generator carrying a three-phase 
unity power factor load demanding 1/3 of the rated out- 
put from each phase, an additional unity power factor 
load will be placed on one phase. The additional load 
will demand first 1/3 and then 2/3 of the rated output of 
that phase, so that finally the one phase is supplying full 
rated output current. 

3. Starting with the generator carrying a three-phase 
unity power factor load demanding 2/3 of the rated out- 
put from each phase, an additional unity power factor load 
will be placed on one phase. The additional load will 
demand 1/3 of the rated output of that phase, so that the 
one phase is supplying full rated output current. 
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Under the conditions just described, the maximum 
voltage unbalance shall not exceed 4 percent. The per- 
centage of unbalance is computed as follows: 


100 x maximum deviation from 
average voltage 
% unbalance = average voltage 

The average voltage is the arithmetical sum of the 
three unequal voltages divided by three. Maximum devia- 
tion is the difference between the voltage of the phase 
that is farthest from average, and the average. 

In addition to the limitation of 4 percent placed on the 
voltage magnitude unbalance, a limitation is also placed 
on the time phase displacement between phases. The 
phase displacement must be 120°, +5°. That is, no two 
phases may be nearer than 115° to each other, nor more 
than 125° apart. 


SOLUTION OF UNBALANCED SYSTEMS 
Solution of Unbalanced Delta Systems 


The solution of an unbalanced delta system is greatly 
facilitated by the fact that there are three separate cur- 
rent loops. Each loop may betreated as asimple single- 
phase circuit. In figure 4-18 (A), the three loops are 
BAA'B'B, CBB'C'C and ACC'A‘A. In each loop there is 
one phase coil e. m. f. and one phase load impedance. 
Consequently, each instantaneous loop current can be 
determined by use of its instantaneous e. m. f. and load 
impedance. This will yield instantaneous phase, or coil, 
currentonly. The line currents I,, I, and I¢ will be dif- 
ferent from the phase currents because each line is part 
of two loops. Consequently, any line current is a com- 
bination of two loop currents. 

In a balanced condition, it was shown that either peak . 
or average delta line current was equal to either peak or 
average phase current times /3, or 1.73: It was also 
shown that the three line currents were 120° apart. In 
an unbalanced condition, however, these relations are 
generally no longer true. However, even when the delta 
system is unbalanced, it can still be stated that any line 
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current is equal to the difference of the two phase cur- 
rents to which the line is connected. For this reason 
the phase currents must be determined prior to deter- 
mining the line currents. This will be done for the sys- 
tem in figure 4-18 (A). 





Figure 4-18.-(A) Unbalanced delta system; (B) unbalanced current 
vectors. 


E ap = -50+/86.6 V. 
Za'p' = 3-J40 


Eap 
Tap — Zap! 


-50+/86.6 
3-/4 


-50+ 786.6 7 3+J4 
Zz 3-J4 3+J4 


-496.4+ 759.8 
a 


= -19.8+/2.39 amp. 
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Epc = 100+J0 V. 


Pe Exc 
BC ~ ZR'c! 


100+ /0 
~ 8470 


100+0 | 8-s0 
= B40 ~ B8-J0 


800+ 0 
~ 64 





= 12.5+/70 amp. 
Ec, = -50-/86.6 V. 
EcA 
Zc'a! 
-50 -/ 86.6 
= 6+ 78 


-50-/86.6 | 6-/8 
~ 64+ 78 6-J8 


392 - J119 
100 


3.92- 71.19 amp. 


With the phase currents known, the line currents can now 
be determined. 


Ta = Tap -Tea 
(-19.8 + 2.39) - (3.92 - 1.19) 


-19,.8+ 2.39 - 3.92+ 1.19 


-23.72+/3.58 amp. 
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Ip = Ipc - Tgp 


(12.5+/0) - (-19.8+ 2.39) 


12.5+ J0+19.8 -J2.39 


32.3-J2.39 amp. 


Io = Ie, - Tac 


(3.92 - 71.19) - (12.5+ 0) 


3.92 -J1.19-12.5-J0 


~8.58 - 71.19 amp. 


If the solutions for line currents are correct, the sum of 
the line currents will be zero. 


I,4t+IpgtIc = 0 

~23.72 + J3.58 

32.30 - J2.39 

-8.58 - J1.19 

0+J0 (Check). 

Further clarification of unbalanced delta current rela- 
tions will be obtained by converting the line currents 
from rectangular to polar form and constructing a vector 


diagram. The polar form of the line currents are as 
follows: 


I, = -23.72+ 73.58 = 23.92 /171.4° 
Ip = 32.3-J2.39 = 32.32 /-4.22° 
I¢ = -8.58-J1.19 = 8.65 /-172.1°. 


When these three current vectors are used to construct 
a diagram, the result is as shown in figure 4-18 (B). In 
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a 


this case, the vectors represent instantaneous current 
magnitudes by their length. Since these vectors would 
have been 120° apart had the system been balanced, it 
can be seen that the degree of unbalance in figure 4-18 (B) 
is quite severe in both magnitude and phase displace- 
ment. The phase displacement between I, and I, is 
171.4° +4.22° = 175.62°. Between I, and I; the dis- 
placement is 172.1° - 4.22° = 167.88°. Between I, and I, 
it is (180° - 171.4°) + (180° - 172.1°) = 8.6° +7.9° = 16.5°. 

The power in each phase is the phase voltage times 
the phase current. Remember that the conjugate of the 
voltage must be used. 


Pan = Eqn < Ign VA. 
= (-50+/86.6) x (-19.8 + 2.39) 
= (-50-86.6) = (-19.8 +/2.39) 
= 990+ 1,593 - J? 207 
= 1,197+1,593 VA. 
Pac = Esc * Ipc 
= (1004/0) x (12.5+70) 
= (100-J0) ~ (12.5 +0) 
= 1,250+/0+ 20 
= 1,250+/0 watts 
Poa = Eca * Ica 
= (-50- 86.6) x (3.92 - 1.19) 
= (-50+/86.6) x (3.92 - J1.19) 
= -196+7398.5- 7103 
= -934+/398.5 VA. 
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With each phase power known, total power can be de- 
termined. Total power in an unbalanced system is the 
sum of the phase powers. The total instantaneous power 
for the system in figure 4-18 is 


Py = Pap +Pacot Pc, 


(1,197 +/1,593) +(1,250+ 0) + (-93 + 408.5) 


2,354 4 2,001.5 VA. 


Solution of Unbalanced Wye Systems 


In general, it is important that the AE be more familiar 
with the analysis and solution of unbalanced wye systems 
than unbalanced delta systems. This is true because 
military specifications require that the a-c power sys- 
tems in naval aircraft be connected in wye. For this 
reason the solution of wye systems will be given some- 
what more complete coverage than the solution of delta 
systems. This coverage will be given in the form of a 
series of examplary problems. 

Problem 1. For the unbalanced three-wire system 
shown in figure 4-19 (A), solve for the line currents and 
the voltage across each load phase, with the instantaneous 
generated e. m. f.'s as shown. 

NOTE: In a four-wire system, the neutral of the load . 
is connected to the neutral of the source, so that the volt- 
age and current of each phase loop may be treated and 
solved separately. In a three-wire system, the neutrals 
are not connected, and are allowed to shift away from 
each other in what is called a "floating neutral.'' Under 
these conditions, it is necessary to determine the actual 
voltage between the neutrals before attempting to solve 
for the phase currents. This must be done, because the 
neutral-to-neutral voltage may aid one phase e. m. f. 
while bucking another. Since the neutrals may be treated 
as the two nodes mentioned in Millman's theorem, this 
theorem may be used to solve the problem. The voltage 
between the nodes O and N in figure 4-19 (A) is 


p - Eats + EY + Ect 
ON Yt Yt ¥g 
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af 
e 


: 
b 


Figure 4-19.-(A) Unbalanced 3-wire wye; (B) difference of generated 


100 + jo 


(A) 








e. m. f.’s and load voltages. 


Impedances: 
R, = 12.5+J00 
Ro = 8.0+ /0 0) 
R, = 5.0+/0 © 


Sum mation of 
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Admittances: 


Y= 0.08 U 


Yo 
Y3 
Y's 


0.125 0 


0.200 U 
0.4055. 


Due to the unbalanced load, it can be seen that the 
voltage across each load phase is not equal to the funda- 
mental generated e.m.f. of the generator phase to which 
it is connected. Figure 4-19 (B) represents the phase 
load voltage vectors Ey,, Eyp, and Eyc superimposed on 
the fundamental generated voltages Eo,, Egg, and Ec. 
The magnitude and direction of Ep, can thus be depicted 
as a line drawn from the generator neutral 0 to the load 
neutral. It can be seen how E,, acts to increase Ep, 
to produce Ey,, to increase Epp to Eyzg, and to decrease 
Eoc to Enc. 

Problem 2. Figure 4-20 represents a four-wire un- 
balanced wye system, with a voltage regulator designed 
to maintain phase A terminal voltage at 120 volts. In 
addition, the generator windings have an inductive re- 
actance of 39 in each winding. The system is simplified 
for solution as shown in figure 4-20 (B). 

Phase A is used as a reference because the voltage 
regulator will always maintain its terminal voltage at 
120 volts. 


pe Voa 120+ J0 
eg 


= 24+ /0 
IX, of generator = (24+J0) xj3 = 04/72 
Eos =Voag + IXg = (120470) + (0+ J72) = 1204/72 
EoA = 140 /31°. 
Eon and Egc may be determined by knowing that the ex- 


citation field is common to all three phases and that the 
phase windings are displaced by 120 electrical degrees. 


Eon = 140 /31° x 1 /-120° = 140 /-89° 
Eoc = 140 /31° x 1 /120° = 140 /151° 
E,Y, = (100+ /0) =< 0.08 = 8.0+/0 
EpY, = (-50- 86.6) x 0.125 = -6.25 - 710.83 
EcY, = (-50+ 786.6) x 0.20 = -10.04+/17.32 
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4 
4 
( 
\ 
Vos j 


fe (C) 


Figure 4-20.—(A) Four- wire unbalanced wye; (B) simplified system; (C) 
difference of fundamental and terminal voltages. 
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Summation of EY’s = -8.25+/6.51 





on=— yi +Y,+¥, 0.405 


= -20.37+ 16.07. 
Solution for line currents: 

I, = (Ea~Eow) ¥1 
= [(100+ 0) - (-20.37 + J16.07)] < 0.08 
= (100+ 20.37 - J16.07) < 0.08 
= (120.37 - J16.07) < 0.08 
= 9.63-J1.28 = 9.72 /-7.6° amps. 

I, = (Eg- Eon) ¥2 
= [(-50-86.6) - (-20.37 + J16.07)] 0.125 
= (-50 -/86.6 + 20.37 - J16.07) * 0.125 
= (-29.63 - 102.65) x 0.125 
= -3,70-J12.83 = 13.3 /-163.9° amps. 

Ic = (Ec- Eon) ¥3 
= [(-50+86.6) - (-20.37 + J16.07)]| < 0.2 
= (-50 + 86.6 + 20.37 - J16.07) ~ 0.2 


= (-29.63+J70.53) * 0.2 


= -5,93+J14.11 = 15.3 /157.2° amps. 


NOTE: As there is no neutral conductor for current, 
the sum of the line currents must equal zero. | 
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I, = 9.63 - 1.28 
-3.70 - 12.83 


bong 
ty 
iN 


-5.93 + 14.11. 


beng 
QO 
| 


Summation of I’s = 0.0+ 0.0. 

The phase voltages of the load are: 
Eya = I, * R, = 9.72 x 12.5 = 121.5 volts 
Eyp = Ip x R2 = 13.3 x 8 = 106.0 volts 
Evc = I¢*R, = 15.3 x 5 = 76.5 volts. 


It is now possible to solve forcurrent and terminal volt- 
ages of phase B and C. , 


E 6 °o on ° 
op _ 140 /-89° _ 140 /-89° _ 46 4 /-109.6° 


Zp 8+j3 8.54 /20.6° — 





Ip = 
-5.5-J15.4 


Vop = 8 x 16.4 /-109.6° = 131 /-109.6° 
Egc 140/151" ~— 140 /151° 


Ic = 7 = “G00s3 * 10.4 /16.7° ~ 19-4 134.3 


-9.385+ 79.6 
10 x 13.4 /134.3° = 134 /134.3°. 


The current carried by the neutral (ground) wire will be 
equal to the vector sum of the separate line currents. 


Voc 


I, = 24.0+70.0 
Ip = -5.5-J15.4 
Ic = -9.35+J9.6 


Iy = 9.15-J5.8 = 10.8 /-32.4°. 
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This current is a result of the unbalanced loads; and 
whenever there is a low impedance path provided for it, 
the percentage of voltage unbalance will be reduced. 

Figure 4-20 (C) shows that the generator neutral and 
load neutral are the same, because they are connected 
directly by the fourth conductor, or ground. It shows 
also how the fundamental generated voltage in each phase 
is affected by its load and winding reactance so that the 
final and actual terminal voltage for each phase is quite 
different from the fundamental e. m. f. 

The percent of phase terminal voltage unbalance may 
be found by: 


100 x maximum deviation 
from average 
average 


Percent unbalance = 


where the average voltage is: 


S204 tse tts) = 128 volts. 


Maximum deviation from average is 128 - 120 = 8 volts. 
Unbalance is 


100 x 8 


129° 6.25 percent. 


NOTE: Does the voltage unbalance and phase displace- 
ment exceed the specification limits? 

The above example illustrates the disadvantage of 
having the voltage control on only one phase in that it 
will allow excessively high voltages on the unregulated 
phases when the regulated phase is heavily loaded. On 
the other hand, if the regulated phase is lightly loaded, 
the unregulated phase voltages will be below normal. 
Single-phase sensing does have the advantage of provid- 
ing close voltage regulation on one phase of the system 
in order to accommodate voltage-sensitive loads. Un- 
balanced loading, however, generally results in greater 
voltage unbalance with single-phase sensing than when 
the average voltage of the three phases is regulated. 
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Problem 3. This problem involves the same system 
used in problem 2, except that a three-phase sensing 
voltage regulator and a load contactor are added. Fig- 
ure 4-21 (A) will be used as reference for this problem. 

Before the load is connected, the terminal voltage is 
the no-load voltage of 120 volts per phase. When the 
load contactor is closed, there will be a transient flow 
of current equal to the no-load voltage divided by the 
total impedance of each phase. 


Eon 120 /0° 120 /0° _ 
peas ee —= 20.6 /-31° 
Z,  5+j3 5.84 /31° 


E 120 /-120° 120 /-120° 
Te 10 
Zp 84+ 73 8.54 /20.6 


r= 2 = oe ee 120" 41.5 /103, 3° 
oS Je 10+y;3 10.4 /16.7° 


The terminal voltages will be equal to line current times 
load impedance. 


Vou = 5 x 20.6 /-31° = 103 /-31° 
Von = 8x 14.1 /-140.6° = 112 /-140.6° 


Voc = 10 = 11.5 /103.3° = 115 /103.3°. 


The average of these three voltages is sensed by the volt- 
age regulator. 


Eay = bi ees = 110 volts. 


As the regulator is adjusted to maintain an average 
voltage of 120 volts, it will increase the field excitation 
in order to bring the average terminal voltage up to 120 
volts. This may be approximated for instructional pur- 
poses only as an additional 10-volt increase on each 
phase voltage (true solution involves more complicated 
mathematics). The three terminal voltages will now 
become 
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Voa = 113 /-31° 
Vop = 122 /-140.6° 
Voc = 125 /103.3°. 


The percentage of unbalance will be anproximately: 


100 x (120-113) _ 700 _ | 
730 120 5.84 percent. 


The current in the ground neutral will be the vector 
sum of the phase currents. 


I, = 20.6 /-31° = 17.6-J10.6 

Ip = 14.1 /-140.6° = -10.9-J8.95 
Ic = 11.5 /103.3° = -2.64+/11.2 
Iy = 9.29 /-64° = 4,06-78.35 amp. 


Figure 4-21 (B) shows the difference betweenthe fun- 
damental e. m. f. and terminal voltage of each phase. 
Remember that this diagram represents a system whose 
voltage control is based on the sensing of the average of 
the three-phase voltages. Figure 4-20 (B) represented 
a system whose voltage control was based on the voltage 
of only one phase. Note the significant difference between 
the two. 

The preceding problem illustrates a principle of volt- 
age control based upon the average of the three circuit 
voltages. On unbalanced loading, the average voltage will 
be maintained at the adjusted value even though none of 
the single-phase voltages are equal tothe adjusted value. 
Note also that the amount of unbalance is somewhat 
reduced. | 

Problem 4. Considering the same system, determine 
what would occur should the neutral (ground) wire become 
open under an unbalanced load condition. 

NOTE: In a three-wire wye system, the solution is 
simplified by use of the Millman theorem. 
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Vv, I 
on Eos (B) 


Figure 4-21.-(A) Four-wire unbalanced wye, using three-phase sensin 
voltage control; (B) difference of fundamental e. m. f. and termina 
voltage. 
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With the power contactor open, the terminal voltage 
will equal the no-load voltage and will be maintained at 
a value of 120 volts per phase by the regulator. 


Von = Eoa = 120 0° = 120+0.0 


Vop = Eon = 120 /-120° = -60- 104.0 
Voc = Eoc = 120 /120° = -60+/104.0. 


When the line contactor is closed, the voltage shift of 
the neutral may be determined by the formula: 


ieee Fou’ + EopY +t EocY3 
ni ¥,+¥2+¥s 


where Y, = Admittance of phase A 





Y, = Admittance of phase B 
Y, = Admittance of phase C 
PUT RFK Z., : Z, 

Impedances: Admittances: 
Z,=5+3 = 5.84; ¥y = ay - J gy 0147-7 0.088 
Zp= 8+J3 = 8.54; Yo = ay - Jaq = 0.110-70.041 

a fs : 10 3 
Zc = 10+J3 = 10.4; Y3= 109 ~ J To 109 = 0.092 -J0. 0275 


Summation of y’s = 0.349 - J 0.1565 
EoaY, = (120+ 70)(0.147 - 7.088) = 17.60 - 10.60 
EonY2 = (-60-J104)(0.110 -7 .041) = -10.88 -/ 8.96 


EocY 3 = (-60+ 7104) (0.092 - 7.0275) = -2.65 - 11.20 
Summation of EY’s = 4.07 -/8.36 


4.07 - J8.36 


Von v= 0.349- J0.1365 ~ 18.0 - /16.6. 
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Solution for line currents: 
I, = (Eo4 - Vow) ¥y 
= [(120+J0) - (18-J16.6)] (0.147 - 70.088) 
= (120-18+ J16.6) (0.147 - 7.088) 


(102 + 716.6) (0.147 - 7.088) 
16.46 - 6.54 = 17.7 /-21.7° 


Ip = (Eop- Von) ¥2 
= [(-60- 104) - (18 -J16.6)] (0.110 - 7.041) 
= (-60 - 104 - 18+ J16.6) (0.110 - 7.041) 
(-78 = 87.4) (0.110 - 7.041) 
-12.16 - 6.4 = 13.7 /-152.2° 


= (Eoc- Von) ¥3 

= [(-60+ 104) - (18 -/16.6)] (0.092 -/ .0275) 
= (-60+ s104 - 18+ J16.6) (0.092 - 7.0275) 
(-78 +J120.6) (0.092 - 7.0275) 

-3.85 + 13.24 = 13.8 /106.2° 


bm 
Qa 
i 


The transient value of terminal voltage may be deter- 
mined by multiplying each phase current by the load im- 
pedance of each phase. 


Vya = 8% 17.7 /-21.7° = 88.5 /-21.7° 
Vyp = 8 x 13.7 /-152.2° = 110.0 /-152.2° 
Vac = 10x 13.8 /106.2° = 138.0 /106.2°. 


The average of these transient voltages is: 


BPD 0+ 188 = 112 volts. 
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The regulator reacts to bring the average voltage up 
to the desired level which, for approximation only, will 
be an additional 8 volts per phase. The steady-state ter- 
minal voltages will now be: 


Vya = 96.5 /-21.7° 
Vyp = 118.0 /-152.2° 
Vyc = 146.0 /106.2°. 


The percentage of voltage unbalance will be: 


100 x (146 - 120) _ 26 _ 9 6 percent 


120 ~ 120 


Comparing this magnitude of unbalance with that ob- 
tained in problem 3, it becomes evident that, whenever 
there is a neutral conductor, the percentage of voltage 
unbalance will be greatly reduced. If there were no in- 
ternal impedance in the voltage source, the voltage un- 
balance could be reduced to zero under all load condi- 
tions by use of the grounded neutral. . 

In all the examples shown it will be noted that the 
voltage on the lightly loaded phases will be excessive, 
while that of the heavier loaded phase will be below nor- 
mal. Operation of additional loads, both single-phase 
and polyphase, will be seriously affected by this un- 
balance. 

NOTE: The problems presented in this section are 
intended only as a teaching aid in order to show the ef- 
fects of unbalance under various circuit conditions. The 
voltages and degree of unbalance should not be accepted 
as being the exact values that would result under actual 
conditions. In order to take into account the transformer 
action that exists between phases of the generator, which 
alters terminal voltage, the solution would have to in- 
volve the use of positive, negative, and zero sequence 
components of an unbalanced circuit. 


Correction for Unbalanced Load Conditions 


The best correction for unbalanced load conditions is 
toprevent this condition from occurring in the first place. 
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Considerable effort is put forth by aircraft electrical 
system designers to insure that the minimum possible 
degree of unbalance exists under all flight conditions. 

However, when the operative loads of the aircraft 
cannot be distributed on the polyphase system so as to 
maintain the desired voltage balance, dummy loads are 
placed on the lightly loaded phases in order to balance 
the total volt-amperes. This is especially true for in- 
verters, which are more susceptible to unbalance than 
the larger a-c generators. 

The electrical system of the AD-6, F7U-3, and F2H-3 
are examples of the use of dummy loads to correct for 
voltage unbalance of the inverters. 


QUIZ 


1. When representing currents in an alternating- 
current circuit with the double subscript notation, 
the notation 

a. represents the current existing between two 
points 

b. represents the current's identity and direction 

c. represents an instantaneous value of current 


d. indicates that it is a polyphase current. 


2. The phase displacement between line current and 
line voltage in a wye-connected system is due to the 


a. manner in which the phases are connected 

b. load being reactive 

c. type of load and manner of connection 

d. 30°difference between line and phase voltages. 


3. Which of the following formulas apply in a three- 
phase balanced system ? 


a. E, = Ec /3; and I, =Icina delta connection 
b. E, = Ec; and I, =TI¢ V3 in a wye connection 


c. Ey 


Ec; and I, = I¢ in a delta connection 


d. E, = Ec v3; and: JI, = I¢ in a wye connection. 
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4. Ina balanced wye-connected system, as the power 
factor decreases, 
a. E, and I, will become more nearly in phase 


b. E, and E, will become more nearly in phase 


c. the angle between E- and I¢ will decrease 


d. the angle between £, and I, will change. 


5. Admittance in an a-c circuit is equal to 





a Y = FaR 
b. y=F4jy 
ee Y = G75 
d. y=i+t 


6. Ina parallela-c circuit the total admittance is equal to 


1 
a. Yr = =e 
T. 2,+2Z, 


_ 1 1 
c- ¥r = G7) +G, */ 3B +B, 


1 1 
d. Yr ==—>- t J7~— 
TR, +R” Xy +X, 
7. In the drawing below, 


shin pal and 1 Sk x 
a. Y 4 Jan I=ExY 


b. Y = d P =—— 
gag oe Y 





c. Y=3-J4 and E=1%xZ 


d. Y =0.12+J0.16 and I = ExY 
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—JVh— TO 
R= 4Nn X= 3N 
L 
8. In the drawing below, 
I,+I,+1, 


I, +I,-T13 
ON” YY, +¥2-Y¥3 


Z I, +I,+T1, 
Y,+Y,+¥3 


d. Eon = I; Y3. 





9. One of the effects of an unbalanced load on a three- 
phase generator is that the 


a. phase voltages generally will not be 120° apart 
b. power factor will decrease 
c. line voltages will decrease 


d. impedance of the line conductors will decrease 
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10. 


ll. 


12. 


13. 


14, 


15. 


With a delta-connected generator, 


a. 
b. 


E, and I, are displaced by 30° when /@ is 0° 
Er = Ec v 3; and I, _ Ic 


phase voltage of the generator and phase volt- 
age of the load are the same. 

unbalanced four-wire wye-connected load 

the volt-amperes of each phase must be the 
same | 

current will normally flow in the neutral con- 
ductor 

the current in the neutral conductor will be 
¥3 times phase current 

line current will be “3 times phase current. 


In a balanced delta-connected system 


a. 
b. 
Cc. 


d. 


In a balanced resistive wye-connected system /6 


I¢ = Ec*Ye 
Ic = 1, 
I, = E,*Yr 
E 
eae 
I, = Za 


exists between 


a. E, and I, 
b. E, and Eco 
Cc. Ic and Ec 
d. I¢ and Ir 
If Z =3+J4, then 
a. G = 0.16 mho 
b. B = +710.16 mho 
c. Y = 0.12-J 0.16 mho 
d. I = 12-J16 amps. 
When Y for a circuit is 5 + Jl2 mhos, its 
a. Y = 17 mhos 
b. R = 0.0295 ohms 
c.G = 12 mhos 
d. Z = 0.770 ohms. 


16. In the drawing below, 


a. 
b. 
cy 


d. 


Igo tl40 = Teo 
Eap = EpsotEop 
Ippo +Ioo = Toa 


Eapt Epc = Egy. 
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17, In the drawing below, I,,4' equals 
a. I,'p! 


b. Tac! 
Cy Ta'p! tIytc 


d. Ip a! tI orgs & 


C c! 


18. In the drawing below, the voltmeter reads closure 
voltage of zero. If coil No. 1 is reversed, the volt- 
meter will read 

a. zero 

b. 100 volts 
c. 200 volts 

d. 173.2 volts. 
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19. In a wye-connected four-wire balanced system 
a. E, and I, are displaced by 0° 


c. E, and I, are displaced by 12°" 
d. Too! = 0. 


20. In the drawing below, 
a. Ig9' = 13, +14 


b. the generator can not be operated at normal 
KVA rating 


Cc. Io0' = I, 


d. the generator KVA rating has been increased 
by the connection of R4. 





21. Inthe drawing below, if line N became open circuited, 
the 


a. percent of unbalance would increase 
b. phase voltages would remain 120° displaced 
c. phase voltages would remain equal 


d. phase’currents would be equal. 
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GENERATOR LOAD 


22. In the drawing below, 


a. line current is equal to coil current inthe gen- 
erator 


b. coil voltage of the generator and coil voltage 
of the load are equal 


c. coil current and voltage of the generator are 
in phase 


d. line current is equal to coil current in the 
load. 


A A 


io 


C GENERATOR LOAD 


23. In the drawing below, 


a. I, = 30 amps 


. 
7 
' 


= 100 volts 


c. I, = 17.32 amps 


d. Er3 = 100 volts. 
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24. Given: Three-phase power supply and three identical 
noninductive resistors in the drawing below. If the 
resistors are connected in 

a. wye, true power will be 3,000 watts 

b. delta, true power will be 1,000 watts 

c. wye, the power would be the same asif in delta 
d. delta, the power would be three times that of wye. 


— 
(oo) @&y 


25. In the drawing below, 
a. Exo i8 120° from Ego 
b. Eos is 120° from Eo, 
C. Eco is 120° from Eos 


RtION SRHON $RiON 


d. Eoa is 120° from Eco 
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CHAPTER 


MAGNETIC AMPLIFIERS 


The magnetic amplifier, a rising competitor of the 
vacuum tube in power and control applications, is rapidly 
becoming an important device in electrical and electronic 
equipment. Amplifiers of this type have many features 
which are desirable in naval aircraft equipment. They 
may be used to provide large amounts of either power or 
voltage gain. They are rugged and reliable, require no 
cathode heating and no high d-c operating potentials, and 
are relatively simple in construction and operation. 

Until comparatively recent times, magnetic control has 
had little application in aircraft electronic equipment 
since existing units were slow in response and were of 
excessive size and weight. But with the development of 
new and improved magnetic materials, there has been a 
parallel development of magnetic circuits for tubeless 
amplification; and many of these units are now employed 
in automatic pilots, static a-c voltage regulators, and in 
associated test equipment. 

Magnetic amplifiers are devices which control the de- 
gree of magnetization in the core of a coil in order to con- 
trol the current and voltage at the loador output. One of 
the oldest forms of magnetic amplifiers, the saturable 
reactor, contains at least two coils wound on a common 
core made of magnetic material. Ad-c control voltage is 
applied to one of the coils; and the resulting current 
serves to modify the reactance of the second winding by 
causing magnetic saturation of the common core. The 
second coil is a series element in the a-c load circuit 
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so that current variations take place in the load in accord- 
ance with those made in the control voltage. In more com- 
plex magnetic amplifiers, the input, or control signal, may 
be either d-c or a properly phased a-c voltage. 

In addition to saturable reactors, there are numerous 
types of magnetic units in use, including voltage regu- 
lators, low- and high-frequency amplifiers, and servo- 
motor controllers. The purpose of this discussion is to 
present the operating principles of these devices and to 
give representative examples of magnetic circuits em- 
ployed in aircraft electrical equipment. Before continu- 
ing with this chapter, it is suggested that you become 
familiar with the fundamentals of magnetics. A suggested 
reference is the training course Basic Electricity, 
NavPers 10086. 


BASIC PRINCIPLES OF OPERATION 


Basically, a magnetic amplifier consists of a controlled 
variable inductance in series with ana-c power supply and 
a load resistor. The control action involves changes in 
the magnetic permeability of the inductance coil with re- 
sulting changes in inductance, inductive reactance, and 
impedance of the load circuit. Asa result, changes are 
made in the current flowing in the load and the voltage 
developed at the output. | 

As explained in Basic Electricity, inductance (often 
called electrical inertia) is the primary electrical prop- 
erty of any coil. The inductance value of a particular coil 
is determined by its physical characteristics; and in gen- 
eral, it can be increased in an air-core winding, for 
example, by inserting a core made of magnetic material. 
The reason for this effect can be seenby considering the 
factors that influence inductance as expressed in the fol- 
lowing formula: 

1.256 N7A 1078 
So ae 


where L = inductance in henries 
N = number of turns 
A = area of the core in square centimeters 
uw = permeability of the core material 
1 = length of the core in centimeters. 
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The permeability of a substance is a measure of the 
ease with which it conducts magnetic lines of force when 
compared with some convenient reference material such 
as air. When air is taken as the standard, its permea- 
bility is one (1). On this basis, the permeability values 
of ferromagnetic materials, such as iron and steel, range 
from approximately 60 to 6,000. 


From the inductance equation, it can be seen that the 
inductance of an air-core winding can be increased enor- 
mously by inserting a core made of ferromagnetic mate- 
rial. Thus, if an iron-alloy core with a permeability of 
1,000 is inserted, the inductance becomes 1,000 times 
greater than the former value withanaircore. The effect 
of this change when the coil is used as a series current 
limiting element can be shown by means of a diagram. 






POWER INCREASE SV. A.C. 


SUPPLY 


Figure 5-1.—Varying inductance manually. 


A very simple circuit is shown in figure 5-1 to illus- 
trate the fundamental control process. The iron core is 
moved in and out of the winding to alternately increase 
and decrease the effective permeability. This varies the 
inductance and hence the inductive reactance in series 
with the load resistor. When the core is completely within 
the winding, the inductive reactance is maximum and the 
voltage drop across the coil is alarge fraction of the ap- 
plied voltage. As a result, the load voltage is low and the 
current flow is minimum. 

Removing the core from the coil (fig. 5-1) lowers the 
inductance, decreases the inductive reactance, and per- 
mits the current to rise and the voltage drop across the 
load resistor to increase proportionately. By means of 
this simple arrangement, a comparatively small amount 
of energy is sufficient to control the output of a source 
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with a possible rating of several horsepower; andfor this 
reason, the circuit functions as a magnetic amplifier. 

In more practical forms of magnetic control, large a-c 
sources are controlled by a method which gives much the 
same result as the circuit shown in figure 5-1. In these 
circuits, the series winding has a fixed magnetic core; the 
core's permeability is varied by saturating or unsaturat- 
ing the material with a relatively small control current. 

When the control current is increased sufficiently to 
saturate the core, the inductance is lowered, and the re- 
actance is then about the same as that of an air-core wind- 
ing under similar conditions. With a reduction in control 
current, the core becomes unsaturated, the reactance in- 
creases, and the output current and voltage decrease. The 
principal features of this process can be made clear by 
reviewing some of the basic magnetic concepts and by 
considering the magnetization curve of a typical core 
material. 

It will be recalled that when current flows in a coil, 
there is a resulting magnetomotive force, which in the 
magnetic circuit is comparable to applied voltage in the 
electric circuit. The strength of the magnetomotive force 
is determined by the ampere turns. The ampere turns 
is the current in the coil times the number of turns in the 
coil. 

The magnetomotive force produces magnetic flux con- 
sisting of closed lines of force that are comparable to 
current in the electric circuit. The quantity of flux, or 
the total number of lines, varies directly with the amount 
of magnetomotive force but inversely with the reluctance 
of the path comprising the magnetic circuit. Magnetic 
reluctance, the quantity analogous to electrical resist- 
ance, is a property of the material in which the flux lines 
are established; and in the case of the electromagnet, or 
coil, the reluctance value is determined principally by 
the nature of the core. | 

The reluctance ofan air core remains constant regard- 
less of the applied magnetomotive force and the quantity of 
flux. However, when a ferromagnetic substance is used 
as a core material, the reluctance is no longer constant. 
Instead, as the magnetizing current begins to flow, the 
reluctance is low and the resulting fluxis very high com- 
pared with the flux existing in an air-core coil under 
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similar conditions. As the magnetizing current is in- 
creased, the reluctance increases and the rate-of-flux- 
increase falls off. 

When the current reaches a certain value, depending 
on the core material, the reluctanc.> increases very rap- 
idly, its value approaching that of air. In this condition, 
further increase of the magnetizing current produces a 
comparatively small increase in total fluxand the core is 
said to be saturated. 


B- FLUX DENSITY 





H-MAGNETIZING FORCE 


Figure 5-2.—Magnetization curve. 


The condition of saturation and the resulting effects on 
permeability and inductance can be illustrated by the curve 
shown in figure 5-2. In this graph, the flux density (B) in 
a typical material is plotted against the magnetizing force 
(H), which is proportional to applied ampere turns. The 
ratio of the two values, of B/H, is equal to the permea- 
bility of the material. And from the shape of the curve, 
it is seen that permeability is not constant but has differ- 
ent values for different amounts of magnetizing force. 

From point a to point b, (fig. 5-2), the curve rises 
steeply in what is substantially a straight line. In this 
region, the permeability is high and the coil has a large 
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inductance value. From pointb to point d, a small change 
in H produces a much smaller change in flux density than 
on the linear part of the curve. Here, the permeability is 
lower and the inductance is correspondingly smaller. 
From point d to point e and beyond, the curve is almost 
flat, indicating a very small increase in B as H is in- 
creased. In the latter condition, the core is saturated and 
the inductance is minimum. 

Since the basic control action of the magnetic amplifier 
depends upon changes in inductance, the region between 
points 6 and d (fig. 5-2) represents the ideal operating 
range. If the action is such that control signals swing the 
magnetization about point c, comparatively small changes 
in input result in large variations in output-circuit imped- 
ance. In most modern applications of magnetic amplifiers, 
the saturation method isused since it simplifies the oper- 
ation, permits faster response, and eliminates moving 
parts. 


FUNDAMENTALS OF 
MAGNETIC-AMPLIFIER CIRCUITS 


The various forms of magnetic amplifiers used in 
practical applications have certain circuit elements in 
common, including d-c or a-c control windings; dry-disk 
rectifiers; special forms of magnetic cores; biasing coils; 
and feedback circuits. Among the processes of import- 
ance are hysteresis effects and the actions determining 
speed of response of the amplifier. 

In this section, these components and processes are 
introduced by considering first a basic circuit to illus- 
trate the fundamental method of control. This circuit is 
then developed into more complex form by addition of 
components which increase or improve the response. 


The Basic Circuit 


The basic arrangement of components for controlling 
a-c load power by means ofa control coil is illustrated in 
figure 5-3. Two windings are required, bothof which are 
wrapped on a common core. The control winding, shown 
on the left, is supplied from ad-c source, and the control 
current is adjusted by a potentiometer. Itis the purpose 
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of the control current to establish a unidirectional flux in 
the core with an intensity determined by the d-c ampere 
turns of the control circuit. The second coil, the load 
winding, is connected in series with an a-c power source 
and the load resistance, which in this case is a lamp. 










LOAD CIRCUIT 


CONTROL 
CiRNcuit 


A-C SOURCE 
Figure 5-3.—A simple magnetic amplifier. 


With the circuit (fig. 5-3) operating on the knee of the 
magnetization curve, a small increase in control current 
lowers the inductance of the load winding. This occurs 
because the degree of magnetization is shifted to a point 
on the curve where the slope approaches the horizontal, 
and the permeability of the core material is thereby de- 
creased. As a result, the inductive reactance of the load 
winding is lowered; the total load-circuit impedance falls 
off; and the load current rises, causing the power devel- 
oped in the load to increase. 

If control current increases enough to saturate the core 
completely, the load winding reactance drops nearly to 
zero, leaving the resistances of the winding and of the load 
as the principal current limiting elements. In this condi- 
tion, maximum supply voltage is applied to the load, and 
the lamp then glows at maximum brightness. 

On the other hand, decreasing the control current 
causes an increase in the reactance of the load winding 
since the operating point is moved toward the steep part of 
the curve, thereby increasing the permeability. With the 
coil at maximum inductance, there is a corresponding 
minimum value of load current and consequently minimum 
load power. Thus, for a small change in control power, 
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the magnetic action produces a large change in load power, 
so that the device functions as an amplifier. 

Although the explanation just given illustrates the basic 
method of controlling core permeability, the arrangement 
shown in figure 5-3 is seldom used because it is a very 
inefficient magnetic amplifier. Transformer action takes 
place so that energy is coupled from one winding to an- 
other. The alternating flux resulting from secondary, or 
load current, induces voltage into the control winding. If 
the latter coil has a large number of turns, the induced 
voltage may become excessive and may even break down 
the insulation. Even if the coupled voltage is small, the 
control circuit acts asa low-resistance winding and dissi- 
pates a considerable amount of energy that would normally 
be applied to the output. 

It is possible to reduce the losses resulting from un- 
wanted coupling by inserting an isolating impedance in 
the form of an inductance placed in series with the con- 
trol winding; or losses may be minimized by the use of a 
three-legged core. The latter method is poser rear the 
following pages. 

THREE-LEGGED MAGNETIC CORES.—A more sat- 
isfactory circuit arrangement results when the basic 
amplifier is modified as shown in figure 5-4. This de- 
vice, called a saturable reactor, is often employed for 
controlling large amounts of alternating current. Itcon- 
tains a three-legged core with an a-c winding on each 
outer leg and ad-c control winding on the center leg. The 
chief advantage of this core structure is that alternating 
flux components produced by currents in the load windings 
are balanced out in the center leg and do not affect the 
control circuit. However, this desirable condition exists 
only if the two a-c coils have equal numbers of turns and 
are wound so that the flux lines oppose, as indicated by the 
dotted line in the drawing. 

While alternating flux does not pass effectively through 
the center leg (fig. 5-4), the two components add along the 
path through the outer legs of the core as indicated by the 
broken lines. The drawing also shows that the control 
current produces a magnetic flux (represented by solid 
lines) that magnetizes the entire core of each load wind- 
ing. Thus, while the d-c coil can influence the operation 
of the load circuit, there is no coupling of energy by 
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A.C 


(~) AoC SOURCE Rt 


Figure 5-4.—Magnetic amplifier with three-legged core. 


transformer action from the load circuit to the control 
winding. 

During normal operation, variations of the control cur- 
rent result in corresponding changes in core permeability; 
and this, in turn, readjusts the inductive reactance in 
series with the load. Hence, as faras the control process 
is concerned, the operation of the saturable reactor is 
similar to that of the basic magnetic amplifier. 

MAGNETIC AMPLIFIERS WITH HALF-WAVE REC- 
TIFIERS.—The operation of the simple amplifier (fig. 5-3) 
is inefficient; and it has an additional disadvantage in that 
relatively large amounts of control currentare required. 
This is because the control ampere turns must overcome 
the effects of the comparatively large a-c load current, 
which establishes sinusoidally varying magnetic flux in 
the core. The intensity and direction of the magnetic field 
produced by load current whenno control currentis flow- 
ing can be shown better by a hysteresis curve, as in fig- 
ure 5-5. 

The interpretation of the hysteresis curve for typical 
core materials is given in detail in Basic Electricity, 
NavPers 10086. It is sufficient here to note that the 
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B-KILOGAUSSES 






H- OERSTEDS 


Figure 5-5.—Hysteresis curve. 


magnetizing force (expressed in oersteds) varies along the 
horizontal axis of the graph in accordance with the a-c 
current applied by the power source. Asa result, the 
magnetic flux density (in gausses) has values both above 
and below the zero level (fig. 5-5), indicating a regular 
change in direction of the flux lines. Thus, in the opera- 
tion of the magnetic amplifier, the flux created by the load 
current impedes the control flux during one half cycle and 
aids it during the other. 

In order to produce sufficient flux to balance out the 
oscillating flux of the load currents, the ampere turns 
provided by the control winding must equal the ampere 
turns of the load windings. In addition, sufficient extra 
control magnetizing force is needed to set the operating 
point at the desired place on the magnetization curve. The 
combination of these two demands results in avery inef- 
fective amplifier since the control-circuit ampere turns 
must exceed the ampere turns of the load circuit. This 
difficulty is overcome by using rectifier units. These 
units eliminate the unwanted currents and permit self- 
saturating operation of the amplifier. 

A more efficient magnetic amplifier is shown in fig- 
ure 5-6. Ahalf-wave rectifier (usually the dry-disk type), 
inserted in the load circuit, permits current to flow in one 
direction only. Because of the unidirectional load current, 
one-half of the formerly oscillating flux is eliminated; and 
the remaining field may either assist or oppose the control 
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Figure 5-6.—Magnetic amplifier with half-wave rectifier. 


flux, depending on the position of the arm of the control 
potentiometer. The arrows in the drawing indicate the 
direction of electron flow. In the case illustrated, it can 
be seen by applying the left-hand rule for determining the 
direction of the magnetic fields, that the load flux assists 
the control flux in saturating the core. By moving the arm 
of the control potentiometer toward the negative end, the 
fields would then be made to oppose. In either case, how- 
ever, a more effective amplifier is provided since less 
control power is required for a given amount of output 
power. 

The action of the circuit with the rectifier limiting the 
load current to unidirectional flow can be interpreted as a 
form of feedback. Since the entire feedback effect takes 
place within the magnetic circuit comprised of the core 
and is accomplished without the use of additional coils or 
control elements, it is classified as internal feedback. 
The use of additional circuit elements to provide external 
feedback is discussed in detail ina subsequent part of the 
chapter. Consider first, the process by which the load 
circuit is made to assist the control action in the self- 
saturating magnetic amplifier. 

SELF-SATURATING MAGNETIC AMPLIFIER.—The 
operation of the self-saturating amplifier can be under- 
stood by use of a magnetization curve in which the hyster- 
esis effect is eliminated as in figure 5-7. Point 1 on the 
curve indicates the condition of the control flux when the 
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Figure 5-7.—Operation of self-saturating magnetic amplifier. 


potentiometer (fig. 5-6) is set to apply anegative control 
voltage. Under this condition, the control fluxis in oppo- 
sition to the flux resulting from load current. If the am- 
plitude of the load current is such that the total core flux 
varies along the curve from point 1 to point 4, the imped- 
ance of the secondary remains large; and the voltage drop 
across the load resistor is very low. The relation of the 
applied voltage to the load voltage is shown in the lower 
drawing of figure 5-7 (B). 

When the potentiometer arm is moved toward the posi- 
tive end, the control current flows in the same direction 
as before but withless amplitude. The rectified load cur- 
rent then varies the core flux between points 2 and 5 on 
the magnetization curve (fig. 5-7). Under this condition, 
partial saturation of the core results, and the output wave- 
form resulting is shown in drawing 2 of figure 5-7 (B). 

As the potentiometer is movednearer the positive end, 
placing the operating point to position 3, the control cur- 
rent is then zero. The resulting waveform at the output 
is that shown in drawing 3 of figure 5-7 (B). At position 
4, the control voltage and current are reversed with 
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respect to tue original direction, producing a correspond- 
ing reversal of control flux. In this condition, the control 
flux assists the load flux and saturation is reached at an 
earlier instant in the a-c cycle. The resulting output is 
shown in drawing 4; while drawing 5 of the same figure 
shows the output current when the control voltage is made 
even more positive. 

EFFECTS OF HYSTERESIS ON OPERATION.—In the 
preceding discussion of the basic magnetic amplifier, the 
magnetic characteristics of the core material are largely 
neglected, and emphasis is placed on the function of the 
fundamental components. In order to understand fully the 
operation of self-saturating amplifiers, itisnecessary to 
consider the shape of the hysteresis loop and its signifi- 
cance in circuit operation. 





(A) (B) (C) (D) 
f£ No b £f \ab Sf \adb Sf \ 
Figure 5-8.-Operation of magnetic amplifier showing effects of 


hysteresis. 


The B-H curve of atypical magnetic materialis shown 
in (A) of figure 5-8. Assume that this material is used as 
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the core of a magnetic amplifier of the type illustrated in 
figure 5-6. The amplifier has twodistinct periods of op- 
eration: the interval during which the rectifier conducts 
is called the operating period; while the nonconducting 
half cycle of applied voltage is called the control period. 
The solid line of the hysteresis loop in (A) indicates the 
variation of flux within the core when the control voltage 
is set at zero so that no control current flows. During 
the operating period, the load current, which is assumed 
to be of sufficient amplitude to saturate the core, swings 
the flux from point o on the curve to point a, the satura- 
tion value. 

At the end of the first operating period, the degree of 
magnetization returns, not to the original starting point, 
but to point b (fig. 5-8) because of retentivity of the core. 
(This value on the graph is called the remanence point. 
It indicates the amount of flux left inthe material when the 
magnetizing force is removed andisalsoa measure of the 
usefulness of the material to serve as apermanent mag- 
net.) The part of the hysteresis loop shown in broken lines 
in (A) of figure 5-8 represents the further change in mag- 
netization that would occur if the magnetizing current were 
permitted to reverse in direction to complete the normal 
hysteresis graph. 

The core remains magnetized at the remanence point 
during the control period of the amplifier. During each 
following half-cycle operating period, the material satu- 
rates immediately; and the load current is maximun since 
no control is exercised. The output waveform for this 
condition of the control circuit is shown directly under 
the loop drawing (A) of figure 5-8. 

Figure 5-8 (B) shows the operation when a small con- 
trol current is flowing in a direction to cause the control 
flux to oppose the load-current flux. The initial change in 
core magnetization is similar to that just described; but 
when the load current becomes zero, the total flux is 
placed at the value indicated by point c during the second 
control period. This process of positioning the residual 
magnetic flux is called resetting. 

Following the resetting action, the next operating pe- 
riod causes the flux to increase; and a small part of the 
applied half cycle elapses before saturation is reached 
with the core at point a. At this point, the rectifier is in 
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maximum conduction and remains so for the rest of the 
half cycle. When the control period is resumed, the flux 
returns to point c, being reset to this value by the action 
of the control circuit. Thus, the primary function of the 
control current is to determine the starting value of mag- 
netic flux. The output waveform for this amount of control 
current is shown directly below (B) of figure 5-8. 

Part (C) of figure 5-8 shows the result of increasing the 
amount of control current. Note that conduction in the out- 
put circuit occurs only during the latter half of the opera- 
ting half cycle. The result of a large amount of control 
current is indicated in (D) of the figure. In this case, the 
reset point is such that the load flux cannot drive the core 
to complete saturation; and therefore, the output current 
is substantially zero, as shown in the corresponding wave- 
form. The method of operation just described is very 
similar to the action of a thyratron, in which conduction 
is either maximum or zero, depending on the relation- 
ship of the control voltage and the applied plate voltage. 
The term firing, which is often used in referring to thyra- 
tron action, is also frequently used interchangeably with 
the word saturation when describing the similar condi- 
tion in magnetic amplifiers. 

USING BIAS FOR FLUX RESET.—If the core mate- 
rial has hysteresis characteristics that result in a 
rectangular-shaped B-H curve, it may be necessary to 
bias the core to retain control. This is accomplished 
either by causing a bias current to flow through the con- 
trol winding or by use of a separate bias coil. With 
either method, the bias current provides the means for 
resetting the magnetic flux to the initial operating point 
during the control period of the amplifier as described 
in the preceding paragraphs. The use of a separate bias 
winding for this purpose has the advantage that smaller 
control current is drawn and loading of the control-voltage 
source is minimized. 

The physical position of the bias winding with respect 
to the control and load coils in three-legged-core ampli- 
fiers is illustrated in figure 5-9. The core is usually 
biased so that with zero control current, the flux result- 
ing from load current saturates the core material mid- 
way in the operating period. In this condition, the bias 
setting corresponds approximately to operating point ‘c 
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Figure 5-9.—Bias winding. 


in figure 5-8 (C), so that the control current can either 
advance or delay the point of saturation. Thus, if the 
polarity of the control voltage is such that the control- 
current flux adds to the bias flux, saturation is delayed 
and the amplifier fires later in the operating period. A 
control signal with opposite polarity results in a control 
flux that opposes the bias flux andhence advances the fir- 
ing point. 

In most cases, the polarity of the d-c bias supply is 
selected so that the bias magnetism opposes the load- 
current flux. The magnitude of the bias is usually such 
that the core flux is reset to a point on the hysteresis 
curve between points b and c in figure 5-8 (B). In some 
applications, the bias polarity is reversed so that it aids 
the load winding flux and provides quick initial saturation 
of the core, thereby increasing the amplification of weak 
input signals. Also, some types of special circuits con- 
tain a-c bias systems. 


Magnetic Amplifiers 
with Full-Wave Rectification 


In most applications of magnetic amplifiers, full-wave 
output is desirable rather than the pulsating, or half-wave, 
operation previously discussed and illustrated. Full-wave 
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operation in which the load is energized during both halves 
of the a-c cycle may be obtained by using a pair of half- 
wave units. 


D-Cc 


“— 4 0-C CONTROL 





(C) (0) 


Figure 5-10.—Full-wave magnetic amplifiers and output waveforms. 


Typical full-wave circuit arrangements are illustrated 
in (A) and (B) of figure 5-10. The load current in the 
amplifier shown in (A) is controlled by means of two con- 
trol windings connected in series. Each amplifier unit 
contains a rectifier so that load current flows alternately; 
and as one unit conducts, the core of the other is reset by 
the action of the control current. Witheach rectifier con- 
ducting approximately one half cycle, the output current 
variations are full wave in nature. 

Output current waveforms are shown in (C) and (D) of 
figure 5-10; these waveforms indicate the resultants for 
two different values of control current. Waveform (C) oc- 
curs when the control current biases the core near the 
point of saturation so that heavy conduction begins early in 
each half cycle of applied voltage. If control current is re- 
duced to alower value, the output resembles the waveform 
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in (D), in which the average value of current over each half 
cycle is considerably less than when the operating point 
is near saturation. As in the operation of the basic cir- 
cuit, the output power is varied by controlling the flow of 
load current; but unlike the halfwave amplifier, currentis 
delivered to the load resistance during both half cycles of 
applied source voltage. 

In operation, the magnetic amplifier shown in (B) of 
figure 5-10 resembles that illustrated in (A). It differs 
in circuitry since it containsa single control winding, and 
also in that two magnetic cores are combined to form 
what amounts to a three-legged structure. An extremely 
small air gap separates the two magnetic paths; and the 
combination may be regarded as two units similar to the 
circuit illustrated in figure 5-6. The air gap assists in 
isolating the magnetic flux components resulting from the 
load coils so that one core remains unsaturated while the 
other is in saturation. The two load coils conduct alter- 
nately but in opposite directions through the load resistor, 
hence the output current waveforms resemble those shown 
in (C) and (D). 


Crossover Windings 


In discussing the theory of operation of the circuits 
shown in figures 5-6 and 5-10, it was assumed that the 
rectifiers have zero forward resistance and infinite back 
resistance. In actual practice this assumption is not 
valid since rectifiers do not have infinite back resistance. 
It should be apparent that any back current flowing through 
the rectifiers shown in figure 5-10 (A) during their non- 
conducting half cycle will produce a magnetic flux which 
will tend to drive the core out of saturation. During the 
conducting half cycle a part of the load current would be 
absorbed in bringing the core back to the point of satura- 
tion, thus reducing the gain of the amplifier. 

One method of counteracting this effect is by the addi- 
tion of a crossover winding to the two magnetic amplifier 
cores. Figure 5-11 illustrates a magnetic amplifier uti- 
lizing full-wave rectification and crossover windings. It 
should be noted that this circuit is similar to the circuit 
shown in figure 5-10 (A). 


200 


A-C SUPPLY 
VOLTAGE 






0-C 
CONTROL 
VOLTAGE 


A-C 
LOAD 


Figure 5-11.—Full-wave magnetic amplifier utilizing crossover 
windings. 


The crossover winding consists of a few turns which 
produces a magnetic field in a direction opposite to that 
produced by the backward current through the load wind- 
ing. Referring to figure 5-11, consider the action of the 
load and crossover windings on the two cores. Assume 
that during the first half cycle of the a-c supply voltage, 
rectifier 1 is conducting in the forward direction. Heavy 
current flows through rectifier 1 and the load winding on 
core 1; this current also flows through the crossover 
winding on core 2. During the same half cycle a small 
backward current is flowing through rectifier 2, the toad 
winding on core 2, and the crossover winding on core 1. 
This small backward current flowing through the large 
number of turns in the load winding produces a magnetic 
field that is canceled by the heavy current flowing through 
the small number of turns of the crossover winding on 
core 2. A similar cancellation is achievedon the second 
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half cycle of the a-c supply voltage by the other crossover 
winding. 

Since the back resistance of the rectifiers will vary 
with temperature and applied voltage, some means must 
be provided to insure cancellation of the field resulting 
from the backward current atall times. A small constant 
resistance, F1, is connected in parallel to the high, but 
variable, back resistance of the rectifiers. Each recti- 
fier is shunted during its nonconducting half cycle by the 
series combination of Fl andthe conducting rectifier. The 
variations in the back resistance will now have no notice- 
able effect on the quantity of backward current through the 
load windings. 


Feedback in Magnetic Amplifiers 


It is possible to improve many of the operating char- 
acteristics of a magnetic amplifier by the use of an exter- 
nal feedback circuit. In many cases, this circuit consists 
of an additional coil wound on the center leg of the mag- 
netic core. Feedback action occurs when the coil is 
energized by a portion of the output current and produces 
a magnetic field that is combined with the control flux 
established by the input circuit. 

Typical feedback circuits are illustrated in figure 5-12. 
Each amplifier contains dry-disk rectifiers connected in 
a bridge circuit. In amplifier (A) the rectifier produces 
a full-wave d-c output both to the load resistor and to the 
feedback winding. Amplifier (B) has the load in the a-c 
circuit and the bridge rectifier provides direct current in 
the feedback winding only. 

Feedback in these amplifiers (fig. 5-12) may be either 
positive or negative, depending on the connection of the 
feedback winding. If the flux produced by the latter wind- 
ing aids the control winding flux, the feedback is positive, 
or regenerative; if it opposes the control flux, it is nega- 
tive, or degenerative. 

The effect of positive feedback is to make the circuit 
more sensitive to changes in control current so that 
extremely high values of gain can be achieved. It has the 
undesirable effect, however, of increasing the response 
time of the amplifier, and it may also cause insta tility. 
The general effect of negative feedback, on the other hand, 
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Figure 5-12—Magnetic amplifiers employing feedback. 


is to reduce the sensitivity with a corresponding increase 
in linearity of the magnetization curve and reduction of the 
time lag. 

Load current is plotted against control current in the 
curves in figure 5-13 to show the effects of feedback on 
linearity and on the quantity of control current required. 
The total control current (input plus feedback currents) 
needed to saturate the core is the same regardless of the 
sign or the amplitude of the feedback present. 

With positive feedback, less control-circuit currentis 
required because of the additive effect of. the feedback and 
control coils. As indicated in figure 5-13, there isa 
difference between no-feedback saturation current (B) and 
the control current present with positive feedback (A). 
This difference is supplied by the output circuit through 
the feedback winding. When negative feedback is em- 
ployed, the current drawn by the control circuit must 
be increased above the no-feedback value to achieve 
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Figure 5-13.—Effects of external feedback. 


saturation since the feedback flux is in opposition to the 
control flux. The effect of negative feedback on linear- 
ity of control is indicated by the right-hand curve, which 
is straight over a much larger range of control current 
values than the curves for the positive- and no-feedback 
conditions. 


Saturable Reactor Cores 


For optimum performance, the laminations of a satur- 
able reactor core should be arranged so that the air gap is 
as small as possible, and the laminations should be very 
thin so as to reduce eddy current effects to a minimum. 
The usual interleaving technique used in conventional 
transformer core construction is unsatisfactory for satur- 
able reactors in magnetic amplifiers. The many small 
air gaps provided by butt joints of the standard E core 
distort the magnetization curve, thus making it inadequate 
for the peak performance necessary in most applications 
in electrical control equipment. Special design of the E 
core has improved its characteristics by increasing the 
overlap of the laminations for a.greater portion of the 
magnetic path; however, its performance is somewhat 
below that desired. | 

Saturable reactor core material should have low hys- 
teresis and eddy current losses, high saturation flux 
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density, stable magnetic characteristics, andahysteresis 
loop that is rectangular. 

The most common core construction used in the better 
saturable reactors is made by spirally winding a relatively 
narrow Silicon steel tape intoa circular (toroidal) or rec- 
tangular core as required. A toroidal saturable reactor 
is shown in figure 5-14. The tape cores are mounted in 
containers to provide support for the multilayer windings; 
also, this assures that no mechanical strain will be placed 
on the cores. Another type saturable reactor core is made 
by stacking single-piece stamped laminations. 


TOROIDAL CORE 
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TOROIDAL WINDINGS 


Figure 5-14.—Toroidal saturable reactor. 


Since tape wound cores have no center leg, two cores 
are required in most amplifiers. Figure 5-15 illustrates 
a basic magnetic amplifier utilizing two cores. The con- 
trol windings are connected in series-aiding so that a 
common control current can saturate both cores. The 
a-c load windings are connected in series-opposing to 
minimize the alternating current induced in the control 
circuit. 

The physical arrangement of the various toroidal wind- 
ings (fig. 5-14) on the cores will greatly affect the 
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Figure 5-15.—Magnetic amplifier utilizing toroidal windings on tape 
wound cores. 


performance of the magnetic amplifier. They must be 
wound in such a way that leakage effects are reduced to 
a minimum and the circulation of alternating currents in 
the d-c control, bias, and feedback windings are mini- 
mized. 

Typical magnetic amplifiers utilizing toroidal wound 
saturable reactors will be discussed under the heading 
"Magnetic Amplifier Applications." The use of bias, 
feedback, and crossover windings on these reactors will 
also be discussed later in the chapter. 


Time of Response 


Among the basic characteristics of any magnetic am- 
plifier is a lag or time delay between the introduction of 
a change in input signal and the development of full re- 
sponse by the load circuit. The cause of the time delay 
lies in the action of the L-R, or inductance-resistance, 
circuits of the amplifier. Its value is a measure of the 
sluggishness of operation; and ifthe response time is long, 
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the amplifier may be unsuitable for use in equipment such 
as high speed servo systems. 

The time of response of a particular amplifier can be 
expressed by means of a time constant, which indicates 
the interval of time in seconds required for the load cur- 
rent to attain a certain percentage of the final value. The 
greater the time constant, the less rapid the circuit action. 
Hence, the time-constant value is a leading factor in de- 
termining the upper limit of the frequency range of input 
signals which can be handled by the amplifier with suitable 
gain. 

In magnetic amplifiers of this type, the time constant 
is determined by the properties of both the control and 
load circuits. The principal factors are the ratio of the 
load-circuit and control-circuit resistances, the turns 
ratio of the control winding to load windings, and the fre- 
quency of the power supply in the output circuit. The 
relationship of these quantities to the time constant is 
given by the equation: 


N2 R 
peat 
s N 2 c 
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time in seconds 
source frequency 
number of turns in the control winding 
number of turns in the load windings 
resistance of the input, or control circuit 
resistance of the load circuit . 
The principal significance of the time constant, T, lies 
in its relation to the gainofthe amplifier with a given in- 
put frequency. For adequate amplification, it is necessary 
that the time constant be short compared with the period 
of the signal, or the time required for one input cycle. If 
this is the case, the output current attains the full re- 
sponse for each variation of input voltage. But if T is long 
relative to the input period, the output variationsare low 
in amplitude because the circuit has insufficient time to 
reproduce a signal of one polarity before the succeeding 
change in polarity occurs. Since the period of the input 
wave varies inversely with frequency, the amplifier should 
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have a rather low time-constant value if the applied sig- 
nal frequency is fairly high. 

It can be seen from the time-constant equation that with 
a given load resistance and a fixed turns ratio, the re- 
sponse time of the amplifier can be reduced by increasing 
either the control-circuit resistance or the a-c power 
supply frequency. In some amplifiers, resistors are 
inserted in series with the control winding to increase the 
total resistance of the input circuit. In others, much the 
same effect is obtained by use of negative feedback. Both 
these methods have the disadvantage, however, of lowering 
the effectiveness of the control winding, since the flux 
resulting from the input signal is reduced. 

The inherent time lag of the magnetic amplifier is 
reduced more conveniently by use of a high-frequency 
power source. For high-gain operation, the maximum in- 
put frequency is usually limited to a low percentage of 
the a-c source frequency. For medium- and low-gain 
performance, the input frequency may range uptoa value 
about 50 percent of the source frequency. The factor 
limiting the a-c source frequency employed in a particu- 
lar amplifier is the amount of power loss that can be 
tolerated due to hysteresis effects in the core material. 
In some cases, sources in the order of several mega- 
cycles have been used. 


APPLICATIONS OF MAGNETIC AMPLIFIERS 


The magnetic amplifier has found application in many 
different type circuits. These circuits may employ diodes, 
vacuum tubes, and transistors. Such circuits may be 
found in voltage regulators (d-c and a-c), servo ampli- 
fiers, and audio amplifiers. The Aviation Electrician 
will be mainly concerned with their application in servo 
systems and voltage regulators. 


Applications in Servomechanisms 


One of the most frequent uses of magnetic amplifiers 
in electrical equipment is in servomechanism systems. 
In these applications, the magnetic units have the desirable 
features of long life, need for minimum servicing, and the 
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ability to handle large amounts of power for energizing 
electric motors and other load actuating devices. 
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Figure 5-16.—Magnetic amplifier used to control a two-phase induction 
motor. 


MOTOR CONTROLLER.—Figure 5-16 shows a mag- 
netic servo amplifier which controls the voltages for both 
phases of a two-phase electric motor. The input signals 
for the magnetic amplifier are produced from a phase 
detector. These drive vl and v2, whichare connected as 
a cathode coupled paraphase amplifier working into two 
saturable reactors. 

With zero input, both tubes (fig. 5-16) draw equal 
amounts of current in the plate circuits. These currents 
are insufficient to saturate the cores ofthe reactors; and 
therefore, the impedance of each load winding is very 
high and the resulting load currents are small. In this 
condition the circuit is a balanced bridge as indicated in 
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part (B) of figure 5-16; and the motor does not rotate 
since in-phase voltages are applied to the motor windings. 

When an input control signal is supplied from the phase 
detector, one of the tubes (depending upon the phase and 
amplitude of the signal) goes into heavier conduction than 
the other. Under full conduction conditions, the reactor 
in one plate circuit then appears as a low impedance and 
the other reactor approaches the open-circuit condition. 
The bridge is then unbalanced; and capacitor C5 is ef- 
fectively connected in series with one of the motor wind- 
ings, where it causes a phase shift and the motor begins 
to rotate. 

Assume, for example, that vl (fig. 5-16) goes into 
heavy conduction and that V2 is at effective cutoff. The 
secondary inductance of 71 is then practically zero and 
motor winding W1is connected across the a-c source. The 
inductance of secondary 72 is high sothat the winding re- 
sembles an open circuit; and motor winding W2 is then 
connected across the a-c source through the phasing ca- 
pacitor. The phase relations of the resulting currents 
cause the motor to rotate in a direction determined by 
which winding is connected in series with the capacitor. 
Upon reversal of the control signal, the conditions de- 
scribed also reverse, and W1 is placed in series with the 
capacitor so that the motor then turns inthe opposite di- 
rection. 

Additional servo circuits that utilize magnetic am- 
plifiers are discussed in chapter 7 in connection with 
servomechanisms. 


Power Supply Regulator 


The equipment power supplies of aircraft systems must 
meet certain basic requirements which include rugged- 
ness, long life, and freedom from excessive maintenance 
problems. To meet these requirements, the development 
of power supply equipment has resulted, in many cases, 
in the elimination of the electron tube as the chief cause 
of failure. The magnetic amplifier has been used to re- 
place the complex arrangements usually necessary for 
good voltage regulation; and the solid-state power diode 
is often employed instead of the fragile vacuumtube. An 


210 


example of a circuit with these components is shown in 
figure 5-17. 





Figure 5-17.—Power supply with magnetic-amplifier regulator. 


The circuit is a conventional full-wave bridge rectifier 
utilizing a magnetic amplifier to control the output and 
aiso a Zener diode asa partofthe regulating system. The 
Zener diode element is a solid-state equivalent of the 
gaseous regulator tube and maintains a constant voltage 
across the terminals regardless of variations of the cur- 
rent it conducts, within the specified operating range. In 
the schematic shown (fig. 5-17), the connection of the 
Zener diode is the reverse of that ofan ordinary rectifying 
diode, since in this example it is the inverse breakdown 
voltage characteristic which is employed for regulation. 

Current flow (fig. 5-17) during one half cycle is through 
the load, choke L1, diode D3, the secondary of T1, and 
diode D1, then returning to ground through Sl of the re- 
actor. During the other half cycle, the current flows 
through the load, L1, SR2, D2, the secondary of T1, and D4 
to ground. In addition to the load current, there is con- 
duction through D5 and R3 and also through F2 and R1. 

The control winding of the magnetic amplifier is ener- 
gized by the voltage between the junction of Rl and R2 and 
the upper terminal of the Zener diode, D5. When the out- 
put voltage is of the proper value, the potential across 
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the control winding (and therefore the current through it) 
sets the magnetic bias of the reactors at the operating 
point, which is well up on the magnetization curve to ob- 
tain a high percentage of the source voltage. 

If the output voltage tends to rise, the voltage at point 
a remains constant due to the action of the Zener diode; 
but the voltage at point b increases. This causes a change 
in the current flowing in the control winding so that the 
bias point is shifted to a value that results in lower con- 
duction in the load coils. Asa result, the voltages across 
SR1 and SF2 are increased and the output voltage de- 
creases. 

When the output voltage tends to decrease, the potential 
at point b falls with respect tothatat point a and the con- 
trol current changes the bias to a pointof higher conduc- 
tion. This lowers the voltage drops across the a-c coils 
of the reactors and increases the value of the output. 
Capacitors C1 and C2, together with L1, are connected to 
form a pi-section filter which smooths the output to give 
a nearly pure d-c voltage. Resistor R2 is adjustable, 
being set to the value for optimum operating voltage in 
normal use. It also provides a means for making adjust- 
ments to compensate for any changes that occur in the 
circuit components. 

A gas-filled regulator tube (VR-75) could be used in 
of the Zener diode. The voltage regulation and operation 
would be the same. 

A more complex voltage regulator that utilizes mag- 
netic amplifiers is discussed in chapter 6, under the head- 
ing ''A-C Generator Voltage Regulators." 


Advantages and Disadvantages 


The principal advantages of the magnetic amplifier in 
the electrical and electronic fields are ruggedness and 
long life, and the resulting decrease in component failures. 
Magnetic circuits do much to lessen the maintenance and 
repair load by elimination of fragile filaments; while at 
the same time, they have the desirable feature of almost 
zero warmup time. 

The reduction in heat, resulting from the elimination 
of filaments and the plate dissipation common to vacuum 
tubes, lessens the need for blowers and other cooling 
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equipment. In most cases, high-voltage d-c power sup- 
plies are not required, which is an important safety con- 
sideration. Typical amplifiers are capable of high indi- 
vidual stage gains of voltage or power; impedance 
matching can be effected easily; and the magnetic units 
are usually constructed so that they can be isolated from 
other parts of the equipment such as output circuits. 

On the other hand, the bulkiness of magnetic equipment 
is frequently a deterrent to its use, since most reactors 
designed for operation on 60 cycles are muchheavier and 
larger than their electronic counterparts. The trend to- 
ward use of 400- and 800-cycle power frequencies, how- 
ever, has helped materially in reducing the size and weight 
of the magnetic units. 

Among the disadvantages of magnetic amplifiersis the 
inherent time lag typical of most reactors; and this char- 
acteristic alone often restricts their usefulness. In 
addition, distortion is a limiting factor, not only because 
of the inability of the amplifier to reproduce the input 
waveforms with precision, but also because of the har- 
monic frequencies generated by distortion. These often 
make it necessary to employ shielding so that nearby 
equipment is not subjected to undesirable radiation. 

While magnetic amplifiers operate efficiently withina 
fairly wide range of temperatures—about -60° to 212° F. 
—they have limitations with regard to temperature. Devi- 
ation from the normal range, either above or below, may 
alter the magnetic properties of the core materials and 
materially change the operating characteristics of the 
amplifier. When dry-disk rectifiers are used asassoci- 
ated circuits elements, as isthe case in many units, their 
operation may likewise be affected by temperature ex- 
tremes. 

Although magnetic amplifiers often serve to replace 
vacuum tubes, they are not as versatile; andin numerous 
cases, the magnetic unit is used in conjunction with the 
electronic amplifier to utilize the major advantages of 
each. Usually, vacuum tubes are more suitable in the 
earlier stages of signal sequence, deriving the required 
voltage gains with minimum distortion; while magnetic 
amplifiers are used principally in the last stages to de- 
velop high power outputs at comparatively low d-c volt- 
age levels. 
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In general, the advantages of the magnetic amplifier 
outweigh the disadvantages. You can expect to find them 
installed in more and more of the equipment that you are 
required to maintain. 


QUIZ 


1. In the formula for self inductance 


_ 1.256 N2A 1.1078 
BP nae ee 


the L 

a. varies inversely as the square of the number 
of turns 
varies inversely as the length is increased 
varies inversely as the area is increased 
is not affected by changes in permeability 


eed 


2. The outstanding limitation of a magnetic amplifier 
as compared to a vacuum-tube amplifier is 

a. that it will not effectively amplify weak d-c 
Signals 

b. the difficulty encountered in matching the am- 
plifier to the input signal 

c. the instability, due to its varying magnetic 
properties caused by changing temperatureand 
shock conditions 

d. the sluggish response 


3. In figure 5-1, when the core is completely within the 
winding, the load current 

is maximum 

is minimum 

remains unchanged 

is greatly increased 


ao oS 


4. As complete saturation of a magnetic material is ap- 
proached, the permeability 
a. changes very little throughout the magnetizing 
process 
b. is practically the same as at the saturation 
point 
c. increases rapidly 
d. is nearly one 
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5. The value on the hysteresis loop that indicates the 
amount of flux remaining in the material after the 
magnetizing force has been removed is called the 

a. saturation point 
b. curie point 
c. remanence point 
d. firing point 


6. A magnetic amplifier usedto controla two-phase in- 
duction motor such as shown in figure 5-16 is a/an 
a. balanced bridge circuit with maximum input 
b. unbalanced bridge circuit with zero input 

c. balanced bridge circuit in which the motor does 

not rotate when the input signal is zero 
d. balanced bridge circuit with zero input andthe 
motor does not rotate since out-of-phase volt- 

ages are applied to the motor windings 


7. By using feedback circuits in magnetic amplifiers, it 
is possible to 
a. maintain a more linear performance curve 
through the use of positive feedback 
b. increase power amplification through the use of 
negative feedback 
c. provide greater stability through the use of 
positive feedback 
d. obtain faster response time through the use of 
negative feedback 


8. In the power supply regulator circuit such as shown 
in figure 5-17, the purpose of the Zener diode (D5) is 
to 

a. increase the voltage across the terminals when 
it does not conduct 

b. maintain a constant voltage across the termi- 
nals regardless of the current variations while 
conducting 

c. decrease the voltage across the terminals when 
it conducts 

d. maintaina constantcurrent regardless of volt- 
age changes 


9. The time of response of a magnetic amplifier may be 
increased 
a. by decreasing the resistance in series withthe 
control coil 
b. by adding turns on the control coil 
c. through the use of a positive feedback winding 
d. by adding a capacitor in parallel with the con- 
trol winding 
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10. 


ll. 


12. 


13. 


14, 


In a magnetic amplifier with a half-wave rectifier, 
the interval during which the rectifier conducts is 
called the 

operating period 

control period 

resetting period 

saturating period 


See 


Bias coils and feedback coils are used in magnetic 
amplifiers to permit (1) wide control of gain and (2) 
speed of response, because 
a. regenerative feedback gives greater power am- 
plification and a shorter time of response 
b. degenerative feedback gives less power am- 
plification and a longer time of response 
c. bias coils, by providing an initial saturation of 
the core, may increase the poweramplification 
and will reduce the time of response 
d. regenerative feedback tends to provide greater 
stability than degenerative feedback 


In the time constant equation, 





the T varies 
a. directly as the square of the number of turns 
in the load windings 
b. directly as the source frequency 
c. inverselyas the resistance of the control circuit 
d. inversely as the square of the number ofturns 
in the control winding 


In the basic magnetic amplifier (fig. 5-3), control 
action is accomplished by 

a. varying the load current 

b. changing the permeability of the core 

c. varying the load voltage 

d. changing the resistance of the load 


Since rectifiers do not have infinite back resistance 
and during their nonconducting half cycle will produce 
a flux which will tend to drive the core out of satura- 
tion, magnetic amplifiers were developed utilizing 
bias windings 

feedback windings 

crossover windings 

control windings 
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no op 


15. 


16. 


7. 


18. 


19. 


20. 


The chief advantage of positive feedback in magnetic 
amplifiers is 
a. that it decreases the effective resistance of the 
control coil 
b. an increased time of response 
c. the increased power amplification 
d. more linear response with shorter response 
time 
In magnetic amplifiers utilizing toroidal windings on 
tape wound cores the 
a. control windings are connected in series- 
opposing so that a common control current can 
saturate both cores 
b. control windings are connectedin series-aiding 
so that a common control currentcan saturate 
both cores 
c. a-c load windings are connected in series- 
aiding to minimize the alternating current in- 
duced in the control circuit 
d. control windings are connected in series- 
opposing to minimize the alternating current 
induced in the load circuit 
In a simple magnetic amplifier, the control winding 
is connected toa 
a. fixed a-c source 
b. variable d-c source 
c. fixed d-c source 
d. variable a-c source 
In the three-legged saturable reactor the two a-c 
coils 
a. have the same number of turns 
b. have a different number of turns 
c. have different inductive reactance 
d. are connected series-opposing 
The most outstanding advantage ofa magnetic ampli- 
fier as compared to a vacuum-tube amplifier is the 
a. ruggedness and short life 
b. decreased maintenance and higher frequency 
response 
c. feature of almost zero warmup time 
d. lower initial cost 
The chief advantage of degenerative feedback in mag- 
netic amplifiers is 
a. the increased power amplification 
b. the more linear response with shorter re- 
sponse time 
c. an increased time of response 
d. that it decreases the effective resistance ofthe 
control coil . 
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Zl. 


22. 


23. 


24, 


25. 


The lag in the induction of a coil with respect to the 
magnetizing force, is called 
a. reluctance 
b. hysteresis 
c. inductive reactance 
d. impedance 
Bias coils are usedin magnetic amplifiers primarily 
to 
a. fix the d-c flux density ata predetermined oper- 
ating level 
b. increase the reactance of the a-c coils when 
d-c signal current is zero 
c. increase load current when the core is saturated 
by the d-c signal current 
d. provide more linear response ofthe a-c circuit 
under varying d-c control 
In any magnetic circuit the flux varies 
a. inversely as the permeability of the core 
b. inversely as the magnetomotive force 
c. inversely as the reluctance 
d. directly as the length 
The response time of a magnetic amplifier 
a. maybe increased by using positive or regener- 
ative feedback 
b. is notaffected bythe d-c control coil, since d-c 
flows readily in an inductance coil 
c. is shorter when designed for high-frequency 
systems, than low-frequency systems 
d. maybe decreasedby decreasing the resistance 
of the control coil circuit 
One of the oldest forms of magnetic amplifiers is the 
a. flux gate compass 
b. saturable transformer 
c. saturable reactor 
d. transformer 
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CHAPTER 





ALTERNATING-CURRENT 
MACHINERY 


ROTATING-FIELD A-C GENERATORS 


Practically all a-c generators currently used in naval 
aircraft are of the rotating-field stationary-armature 
type. Generators of this design offer a number of dis- 
tinct advantages. 

Those windings from which generated power is taken 
are designated as armature windings. If the armature 
were a rotary member, relatively heavy sliprings would 
be required to conduct generated power between the 
armature and external load. These sliprings, with their 
high voltage, would necessarily be exposed, and thus dif- 
ficult to insulate. In addition, they would be a constant 
source of trouble due to arcing and brush wear, and this 
trouble would be aggravated by heavy loads. These 
rings would not be required if the armature were a sta- 
tionary member. The conductors of a stationary arma- 
ture could be insulated continuously between the generat- 
ing coils and the load with no exposed copper. If the 
rotor is used as the field, sliprings are still required, 
but they are much smaller and give less trouble. This 
is because field power is small when compared to the 
power in the armature. 

As the slots are deepened in a generator rotor, they 
must become narrower. However, as the slots are deep- 
ened in the stator, they become wider. For this reason, 
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more copper may be wound in the stator than in the rotor, 
because of the stator's greater slot volume. This in- 
creased copper volume increases the capacity of the gen- 
erator, and provides more room for insulation between 
the armature conductors. Since the power for the field ex- 
citation is very small when compared to the power in the 
output armature, it is quite logical that the rotor, with 
its limited copper volume, should be used as the field. 


Generator Windings 


The fundamental principles which apply to a-c gen- 
erator windings are the same as those applying to d-c 
generators. That is, the span of any generating coil must 
be equal, or nearly so, to the pitch between adjacent 
field poles. The terms COIL SPAN and POLE PITCH 
are explained in figure 6-1. It can also be seen in fig- 
ure 6-1 that when coil span and pole pitch are equal, the 
two sides of a coilare centered over field poles of oppo- 
site polarity. Thus, the coil aces induced voltages are 
additive around the coil loop. 





Figure 6-1.—Relation of coil span to pole pitch. 
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In addition to consideration given the span and place- 
ment of the coils, all the coils making up a generating 
phase must be connected in such a way that coil loop 
e.m.f.'s are also additive. Further, it is important that 
the coils be designed so that the wave of generated volt- 
age is as nearly sinusoidal as possible. 

SINGLE-PHASE WINDINGS.—These windings are not 
used in modern aircraft a-c generators. A single-phase 
machine has only about 60 percent of the power rating of 
a three-phase machine of equal weight. For this reason, 
generators are constructed and wound three-phase. How- 
ever, loads requiring single-phase power may be con- 
nected line-to-neutral on a three-phase generator. 

The single-phase winding will be explained merely as 
an aid in understanding the three-phase winding. This 
is possible because a three-phase winding may be treated 
simply as three single-phase windings placed symmetri- 
cally around the armature frame. Therefore, an under- 
standing of a single-phase winding will be of considerable 
help in understanding the three-phase winding. 

Figure 6-2 represents asimple half-coil, single-layer, 
single-phase a-c generator. Each coil side consists of 
a belt of four conductors. There are two coils, though 
they bear little resemblance to a coil as it is usually 
visualized. Since there are four field poles, there are 
half as many complete armature coils as field poles, 
hence, the term half-coil is derived. 

The term single-layer is derived from the fact that 
there is only a single conductor or conductor group, per 
slot. Coil 1 occupies slot belts A and B, while coil 2 
occupies slot beltsC and D. Keeping in mind the require- 
ment that the two sides of a coil must lie under field 
poles of opposite polarity, it can be seen that two addi- 
tional coils could be added to the generator. The addi- 
tional coils may be placed to span slot belts B andC, 
and belts A and D. The generator would then be whole- 
coil two-layer. That is, there would be as many arma- 
ture coils as field poles, and two conductors in each slot. 
The whole-coil two-layer type of construction is used 
extensively in aircraft a-c generators. 

In a three-phase generator, there are as many coils 
in each phase as there are field poles. When the gen- 
erator in figure 6-2 is improved by deepening its slots 
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Figure 6-2.—(A) Simple lap-wound generator; (B) simple wave-wound 
generator. 
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and adding additional coils, it appears as shown in fig- 
ure 6-3. The drawing is simplified to avoid confusion. 
Note how the coils must overlap. 

Since the number of generating conductors is doubled, 
the output e.m.f. of the generator is also approximately 
doubled, assuming coils 3 and 4were connected in series 
with coils 1 and 2 which were already on the generator. 
Had coils 3 and 4 been connected in parallel to coils 1 
and 2, the output e.m.f. would have remained the same 
and the current capacity would have been doubled. In 
either case, the efficiency of the generator has been 
improved by more efficient utilization of the available 
generating copper space in the armature. 

In the simple machines shown in figures 6-2 and 6-3, 
however, there still remains wasted space between con- 
ductor belts. In practical machines, you will never 





Figure 6-3.—Single-phase whole-coil two-layer generator. 
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encounter such a feature. Instead, the entire face of the 
armature will be utilized. There will be a continuous 
series of slots around the armature face, and each slot 
will be as deep as is practical. The efficiency of those 
machines shown in figures 6-2 and 6-3 could thus still 
be further improved by slotting the wasted armature 
space, and adding still more coils, thus forming addi- 
tional phases. Before entering into a discussion of the 
more complex machines, however, it is necessary to 
present a simple method of depicting their winding lay- 
out. This method is explained in figure 6-4. 

Part (A) is a simple machine whose windings are il- 
lustrated in the same manner used thus far. If the gen- 
erator were broken at the fracture lines shown in (A), 
and then unrolled, it would appear as shown in (B). Note 
that only the shape ischanged. That is, conductor groups 
still lie beneath the same poles, direction of induced 
e.m.f. is the same, and connections at both ends of the 
conductors are still shown. Also in (B), an additional 
illustrative feature is introduced. Note that the side of 
coil A that lies beneath a south field pole is labeled +A, 
and its other side, beneath a north field pole, is labeled 
-A. Coil B is labeled ina similar manner. This labeling 
pertains to the direction of induced e.m.f. in the coil 
sides. It serves an additional purpose in part (C), how- 
ever. In (C) the connections between conductors are 
visible only at one end of the conductors. If two con- 
ductor groups bear the same labeling letters, such as 
+A and -A, then the viewer can assume that the two groups 
are interconnected at their hidden ends. However, ina 
three-phase generator, all the conductors in a phase, 
comprising more than just two groups, may be labeled 
with the same letter. In this way, where there are a 
great number of conductors, those conductors compris- 
ing one phase may be picked out when it is desired to 
analyze the winding pattern for a given generator. 

THREE-PHASE GENERATORS.—Figure 6-5 repre- 
sents a three-phase, half-coil, single-layer, four-pole, 
a-c generator. 

The armature face is slotted continuously, witha total 
of thirty-six slots. Since there are three phases, and 
one-third of the slots are allotted to each phase, then 
there are twelve slots for each phase. Being a four-pole 
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Figure 6-4.—Development of simplified winding layout. 
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Figure 6-5.—Three-phase, half-coil, single-layer, four-pole, a-c generator. 


machine, the generator thus has three slots per pole per 
phase. That is, each phase is distributed in belts around 
the armature in such a way that an equal number of con- 
ductors,or slots, of that phase lie beneath each field pole. 
Note that all belts of a phase lie directly under their re- 
spective field poles at a given time. In figure 6-5, all 
belts of phase Aare in this position, so that at the instant 
shown, the e.m.f. of phase A is maximum. All twelve 
conductors are connected additively sothat their e.m.f.'s 
combine, as shown by the arrows. Their combined value 
appears across the terminals Tl and T2. For simplicity, 
the end connections for phase B and C are not shown. (If 
shown, they would appear exactly as those for phase A.) 

Successive belts are 180 electrical degrees apart, 
since they lie beneath opposite field poles. The first 
conductor in a +A belt is 180° ahead of the first conductor 
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in a -A belt. They are ten slots apart. If slot 1 is con- 
sidered as 0°, and slot 10 is 180°, then there are 9 slots, 
or steps, between them. Therefore, the electrical pitch 
for each slot is 20° (180°/9 = 20°). 

If the phase rotation of a generator is ABC, this 
means that the phases of that generator must pass their 
positive peaks in that sequence, 120° apart. The rotation 
for the generator in figure 6-5 is ABC. Starting with 
phase A at peak positive, as shown, then phase B should 
be 120 electrical degrees away. That is, starting with 
the first conductor in a +A belt at a given place, then the 
first conductor in a +B belt should lie in a slot 120 elec- 
trical degrees away. This condition exists in figure 6-5. 
Slot 1 contains the first conductor of a +A belt, and slot 7 
contains the first conductor of a +B belt. Starting at 
slot 1, there are six steps to slot 7. Since each slot, or 
step is 20°, then the two conductors are 120° apart (20° ~ 
6 = 120°). Since the positive peak voltage in phase C 
must occur 240° after the peak in phase A, then the first 
conductor in a +C belt should lie 240° away from the first 
conductor in a +A belt. This condition also exists in fig- 
ure 6-5. The first conductor in a +C belt lies in slot 13, 
or 12 steps past slot 1. It is, therefore, in its proper 
electrical position of 240° (20° x 12 = 240°). 

After locating the plus sides of the coils, it is a sim- 
ple matter to locate the minus sides, because the two 
sides ofany coil must lie 180° apart, in a full-pitch wind- 
ing. (The difference between full-pitch and fractional- 
pitch winding is discussed later.) It will also help if the 
ordinary three-phase vector is kept in mind. Referring 
once more to figure 6-5, note that the vectors are in the 
same sequence as the generator windings. Starting with 
+A and progressing around the vectors in a clockwise 
direction, the vectors are encountered in the same 
sequence as starting at the first +A conductor belt in the 
generator and progressing to the right. 

Figure 6-6 represents a more practical generator that 
may be developed from the one in figure 6-5. There are 
still thirty-six slots, and three slots per pole per phase. 
However, the slots have been deepened and two more 
coils added. The generator has thus become a whole- 
coil, two-layer machine. By starting at 72 in figure 6-6, 
and tracing the path of e.m.f. indicated by the arrows, the 
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Figure 6-6.—Three-phase, whole-coil, two-layer, four-pole, a-c generator. 


entire phase, including all twenty-four slot conductors, 
will have been traversed by the time 71 is reached. De- 
spite its rather complex appearance, the entire phase A 
is asingle series path between 71 and 72. If the end con- 
nections for phases C and B were shown, there would be 
only three complete traceable paths through the generator; 
one for each phase. 


In practice, small a-c generators will generally have 
a single series path through each phase. However, large 
machines will generally have a combination of parallel 
paths comprising each phase. In this way, individual coil 
conductors are not required to be of sufficient size to 
carry the full line current, as they would inaseries con- 
nected arrangement. The phase terminal voltage is the 
same as any parallel coil voltage, but each coil current 
is only a fraction of the total phase current. 

In some a-c generators, the armature coils do not 
span a full 180 electrical degrees. That is, when one 
coil side is directly under a field pole, the other side 
does not lie fully centered under an opposite pole. This 
is known as a fractional-pitch winding. A generator 
wound in this manner is shown in figure 6-7. 

The fractional-pitch winding type generator is similar 
in all respects to the one shown in figure 6-6 except that 
the entire bottom layer of conductors has been slipped 
back one slot. As previously determined, the electrical 
pitch between slots is 20°, so that the span of any coil is 
now 160°. (180° - 20° = 160°). The coil sides obviously 
no longer reach their respective peak and zero positions 
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Figure 6-7.—Three-phase fractional-pitch generator. 


simultaneously. As a result, the effective output of the 
generator is somewhat reduced. 

In determining the voltage generated in a fractional- 
pitch coil, the pitch factor must be considered. For an 
explanation of the pitch factor, refer to figure 6-8. 

Part (A) represents the e.m.f.'s in a full-pitch coil. 
The total coil e.m.f. (£,) is obviously twice either coil 
side e.m.f., or E, = 2eA or 2eB. In part (B), however 
the coil side e.m.f.'s are not a full 180° apart. If (B) 
represents the e.m.f. of any coil in the generator shown 
in figure 6-7, where the coil pitch is only 160°, then £, 
must be somewhat less than in (A) because eB has not 
reached its peak at the instant shown. It lacks 20°. Con- 
sequently, £. in (B) is 

E, = 2eA x Cos “2 
2eA x Cos 10° 


ZeA < 0.984. 
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(A) (B) 
Figure 6-8.-(A) Full-pitch coil e.m.f.; (B) fractional-pitch coil e.m.f. 
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The pitch factor for the generator in figure 6-7 is thus 
shown to be 0.984. 

The loss of generated voltage is more than com- 
pensated for by at least four additional effects of the 
fractional-pitch winding. First, the coils are narrower 
and less copper is required in the end connections. Sec- 
ond, there is less inductance in a coil, because certain 
of its conductors occupy slots which also contain con- 
ductors of other phases. Third, the waveform of gen- 
erated voltage is improved, and, fourth, harmonics are 
greatly reduced. In fact, the ninth harmonic for the gen- 
erator in figure 6-7 is eliminated entirely, because its 
fraction of winding is eight-ninths (160°/180° = 8/9). In 
a 5/6 pitch winding, the sixth harmonic is eliminated, in 
a 4/5 pitch winding the fifth, and so on. 

An additional factor that affects generated e.m.f. must 
be considered when phase belt conductors are distributed 
in a number of slots. Figure 6-9 represents a four- 
conductor belt which is exactly centered under its field 
pole. If the four conductors are connected in series ad- 
ditive, the belt e.m.f. must obviously be at maximum at 
the instant shown. Assuming each conductor generates 
a peak of 100 volts, then the belt e.m.f. would be 400 volts 
if all conductors reached their peaks simultaneously. Of 
course, they cannot do this because they are spaced 20 
electrical degrees from each other. Total belt e.m.f. is 
the sum of the four-conductor e.m.f.'s, and each con- 
ductor e.m.f. may be computed if it is known how many 
electrical degrees each conductor lies away from its 
peak. In figure 6-9, the e.m.f. of conductor 1 or 4 is 


e, or e, = 100 ~ Sin (90° - 30°) 
= 100 x Sin 60° 
100 =< 0.866 
86.6 volts. 
The e.m.f. of conductor 2 or 3 is 
e, or e, = 100 ~ Sin (90° - 10°) 
100 x Sin 80° 
100 x 0.9848 


98.48 volts. 
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Figure 6-9.—Belt factor of distributed winding. 
The total peak belt e.m.f. is 


En = ey + ey + ez + e, 
86.6 + 98.48 + 98.48 + 86.6 


370 volts (approx.). 


It can be seen that the e.m.f. is reduced from 400 volts, 
where the conductors are concentrated, to 370 volts, 
where they are distributed. This effect is referred to as 
the breadth or belt factor, and is symbolized by Kp. It 
must be included when computing generated voltage. The 
belt factor for the phase belt shown in figure 6-9 is 
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_ 370 _ 
Ky = oq = 0.925. 


For further clarification, total phase e.m.f. will be 
computed for the generator shown in figure 6-7, which 
will involve both the pitch factor Kp and belt factor Kp. 
The pitch factor has already been determined as 0.984. 
Assuming peak conductor e.m.f. is 10 volts, the belt fac- 
tor for the three-conductor groups is determined as fol- 
lows: The center conductor is at a peak of 10 volts. The 
remaining two conductors are each 20° away from peak, 
so their instantaneous e.m.f. is 


10 x Sin (90° - 20°) 
10 x Sin 70° 
10 x 0.9397 
= 9.4 volts (approx.). 


e 


The belt factor is 


9.4+10+9.4 
10 + 10 + 10 


28.8 
30 


0.96. 


Kp = 


Since there are a total of twenty-four series-connected 
conductors, total phase e.m.f. across Tl and 72 is 
Er, = 10 24% Kp x Kp 


10 x 24 x 0.984 = 0.96 


226 volts (approx.). 


Generator Construction 


ARMATURES.—When in operation, the iron in the 
armature is continuously cut by field flux of alternating 
direction. As a result, eddy currents are induced in the 


232 


iron, Causing heat and flux pattern distortion. To mini- 
mize eddy currents, the armature is built up of a great 
number of thin layers, each partially insulated from the 
other. By confining the eddy currents in this manner, 
their total detrimental effects are greatly reduced. This 
method of construction is referred to as lamination. To 
construct a generator in this manner, circular or semi- 
circular pieces with the same form as across section 
of the finished armature are punched out of thin sheets 
of iron. The armature is then constructed by stacking 
the punchings and bolting them together. The armature 
iron is further supported by an outer steel frame of gen- 
erally cylindrical shape, or bound together by steel 
Clamping bands. In some cases, the laminations are 
sandwiched between heavy steel end plates. 

If required by design specifications, the armature may 
have ventilating ducts running through the iron for cool- 
ing purposes. As a rule, small generators are cooled 
sufficiently by air passage through the winding and slot 
spacing, and do not require ducting. Aircraft generators 
invariably have cooling air impellers as an integral part 
of the rotor or will employ blast tubes which force cool- 
ing air through the generator. It is important that the 
heat distribution be uniform throughout the armature, to 
avoid hot-spots which would limit the rating of the ma- 
chine. The rating of a machine is linked directly to the 
internal temperatures it can withstand. 

SLOTS.—Armature slots may be either of two types— 
open, or semiclosed. The open type, shown in figure 6-10 
(A), lends itself readily to ease of manufacture, since 
coils may be inserted in the slots as a package, often 
being wound, formed, and insulated separately. How- 
ever, generators of open-slot construction have certain 
undesirable characteristics, such as flux tufting and dis- 
tortion, which makes them unsuitable for widespread use 
in aircraft. Use of the semiclosed type as shown in fig- 
ure 6-10 (B) is nearly universal in naval aircraft. With 
this type of slot there is less distortion of the air-gap 
flux between field and armature, and consequently less 
rippling and distortion of the generated wave. 

In both types of slots, the windings must be held 
securely in place because of vibration and electromag- 

netic stress. This is usually done by the use of wedges. 
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(A) OPEN SLOT 


OE : (B) SEMI~ CLOSED 
8 ae SLOT 


Figure 6-10.—(A) Open slot; (B) semiclosed slot. 


Coil insulation falls into two general categories— 
organic base, or mineral base. The organic types are 
identified as class A, and include such materials as 
cambric and paper. When impregnated by varnish, class 
A insulation is limited to an operating temperature of 
about 100°C. Class B, or mineral insulation, includes 
materials such as asbestos, mica, and fiberglass. When 
these materials are impregnated with silicone base 
varnishes their operating temperature is about 160° C. 

In practice, generating coils are not single solid con- 
ductors, as shown in the illustrations up to this point. 
Solid conductors were used only for ease of explanation. 
Instead, the slot conductors are stranded. The parts, 
or strands, of a conductor nearer the top of a slot have 
less self-inductance than those at the bottom. This is 
true because the strands at the bottom are effectively 
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more completely surrounded by iron, and have more 
inductance, while those at the top are nearer the open 
slot gap, and have less inductance. Consequently, cur- 
rent tends to flow more readily in the top strands. This 
unequal inductance may be eliminated by the method in 
which a coil is wound. If the first strand lies at the bot- 
tom, the second will be in the middle, and the third will 
be at the top. This process is carried out until the coil 
is completed. Another method of obtaining uniform cur- 
rent distribution is by twisting a stranded conductor. To 
insure that each strand offers a separate current path, 
the strands are coated with insulating enamel. 

ROTARY FIELDS. —Rotating fields for a-c generators 
in general may be constructed in either of two ways. 
First, there may be a solid steel rotor in which the field 
windings are imbedded. Or, second, there may be a cen- 
tral steel frame to which separate laminated pole pieces 
are attached. The second type is the salient-pole con- 
struction, and is required by military specifications to 
be used in aircraft a-c generators. The use of this type 
construction permits a better power rating for a given 
generator, because the rotary field is more easily cooled. 
There is space for the passage of air between thesalient 
poles, and their own inherent fanning action works to 
dissipate excessive heat. Heat is the greatest limiting 
factor in the rating of a generator. Military specifica- 
tions also require that the field excitation power for a 
generator be produced within the machine itself. This 
keeps the a-c generator from being dependent on an ex- 
ternal source for its d-c field. For this reason, a d-c 
exciter generator armature is built on the same drive- 
shaft as the a-c generator's rotating field. 

PHASING GENERATOR WINDINGS.—The two ends of 
each phase in an a-c generator are brought out to a pair 
of external terminals. Therefore, there are three pairs 
of terminal studs on the terminal block of a three-phase 
generator. These a-c terminals are the ''T" terminals 
you will see when inspecting an a-c generator. Other 
terminals on the block are for exciter control. An at- 
tached plate will show internal connections for a partic- 
ular generator so that you can deter:::ine which ter- 
minals constitute pairs, or opposite ends of each coil. 
By connecting short jumpers between the external 
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terminals of different phases, the generator may be made 
to operate ineither deltaor wye. Only the wye connection 
will be discussed, since naval aircraft generators are not 
operated in delta. 

Assume that an inspection of the plate which shows 
internal connections indicates that paired terminals are 
T1 74, T2 T5, and 7376, as shown in figure 6-11, and it 
is desired to operate a generator in a4-wire wye system. 
Phase voltage is 100 volts. The first step is to connect 
a jumper between single ends of any two pairs of termi- 
nals, such as 71 and 72, with the generator running. A 
voltage reading taken across 74 and 75 should then be 
100 x /3, or 173 volts. If it is only 100 volts, either coil 
must be reversed. Next, connect 73 to the junction of Tl 
and T2. Voltage checks from 76 to 74 and 76 to T5 should 
also read 173 volts. If not, the LAST coil connected (T5 
T6) should be reversed. At this point, the wiring may be 
connected to the generator, observing the proper phase 
rotation. Terminals T4, T5, and T6 will connect to the 
phase power lines, and the common wire will connect to 
the junction of 71, 72, and T3. 


Ty T2 T. A 
T, 
T 
Te 5 Oe To 
4 5 6 
OA 8 C B 
Ts 


Figure 6-11.—Terminal connections. 


A-C ELECTROMOTIVE FORCES 
AND OUTPUTS 


Factors Affecting A-C Generator 
Terminal Voltage 
When an a-c generator is operating properly, but with 
no loadconnected, the terminal voltage is the same as the 
voltage being induced into its windings. When a load is 
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connected, however, the resultant flow of current through 
the armature causes a number of things to happen. The 
net result of these operating characteristics is that ter- 
minal voltage assumes a different magnitude, and moves 
out of phase with the generator's fundamental induced 
voltage. One such characteristic is the resistive voltage 
drop across the armature. 

ARMATURE RESISTANCE.—When current flows 
through the armature conductors, each conductor is sur- 
rounded by a resultant magnetic flux. The flux of all the 
conductors in a slot becomes linked into a single larger 
magnetic field. This flux flows freely in the low-reluctance 
iron surrounding the slot, and is referred to as leakage 
flux. It is an alternating flux, and results in eddy cur- 
rents and hysteresis; these affect the iron by causing it 
to heat. These local losses vary nearly as the current 
squared, and so closely resemble losses caused by the 
simple copper ohmic resistance. Their effect is one of 
increased resistance, and accounts for a greater effec- 
tive resistance to alternating current flow than to direct 
current. In practice, the total resistive (heat) loss in an 
armature is extremely small when compared to losses 
caused by armature reactance and armature reaction. 

ARMATURE REACTANCE.—Because there are ex- 
cellent linking conditions for conductor leakage fluxes, 
the inductive reactance of generator windings is very 
high in relation to their effective resistance. The com- 
bined loss caused by the effective resistance and induc- 
tive reactance is commonly referred to as the armature 
impedance loss, or synchronous impedance. 

ARMATURE REACTION.—When there is no current 
flowing in the generator armature, there are no opposing 
or distorting influences working against the air-gap flux 
supplied by the field. With the start of armature current 
flow, however, the armature conductors set up a mag- 
netomotive force of their own, because of the current 
flowing through them. It is an alternating m.m.f., be- 
cause its parent current is an alternating current. This 
m.m.f. is responsible for the inductive reactance of the 
armature. In addition, this same m.m.f. reacts with the 
field flux. It may only distort the field, or air-gap flux, 
or it may directly oppose and materially weaken it. If 
conditions are right, it may even aid and strengthen the 
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air-gap flux. In any of these three cases, however, it 
obviously has definite effects on terminal voltage. The 
effect that the alternating armature m.m.f. has on the 
air-gap flux is determined by its timing in relation to 
the moving field poles. Its timing is determined by the 
reactive characteristic of the generator's load. This 
may be resistive, inductive, or capacitive. The effects 
of each type load are discussed. 

Figure 6-12 shows the various effects caused by dif- 
ferent reactive-characteristic loads. Part (A) represents 
a generator whose armature e.m.f. and current are in 
phase. E.m.f. is at its peak value because the coil sides 
are directly under the field poles. Since current is in 
phase, then the coil m.m.f. is also at its instantaneous 
peak simultaneously. Note that the effective center of 
the coil m.m.f. is acting on the space between the field 
poles. Therefore, the pole flux is distorted somewhat, 
but not materially weakened. 

In (B),a highly inductive load is connected to the gen- 
erator, so that current lags the coil e.m.f. by 90°. Peak 
induced e.m.f. occurred 90° before the instant shown, when 
coil side A was under a north pole. Peak m.m.f. exists 
90° later, as shown. As a result of this timing, the peak 
magnetomotive forces of the coils occur directly under the 
field poles and areof opposite polarity tothem. As a re- 
sult, the air-gap flux is materially weakened, and output 
voltage is reduced. In(C)a capacitive load is connected to 
the generator, sothat current leads the coil e.m.f. by90°. 
Note in part (C) that conditions which existed incoil side 
A 90° after peak e.m.f. occurred in (B), now exist 90° 
before peak e.m.f. occurs. Again, as a result of this 
timing, peak coil m.m.f. occurs directly under the field 
poles. However, withcurrent leading, the coil m.m.f. aids 
the field pole flux,and a greater induced voltage results. 

From the foregoing, it can be seen that three major 
factors affect the terminal voltage of an a-c generator. 
For a fixed magnitude of load current, the armature 
resistance loss (IR) and armature reactance loss (IX) 
are fixed, regardless of load reactive characteristics. 
However, the effects of the third factor, armature reac- 
tion, depend greatly on load characteristics. The vector 
diagrams in figure 6-13 show how various load charac- 
teristics tend to affect terminal voltage. 
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Figure 6-12.—Effects of load on air-gap flux pattem. 


The word tend is used because terminal voltage is 
controlled and fixed by the voltage regulator. Since ter- 
minal voltage is held constant, then the variable quantity 
is the fundamental induced voltage. Changes in induced 
voltages are accomplished through changes in the mag- 
metic strength of the rotating field. Figure 6-13 (A) 
depicts a generator whose internal winding reactance is 
X, and whose winding resistance is Rk. The load is 
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Figure 6-13.—(A) Resistive load; (B) inductive load; (C) capacitive load. 


resistive, so terminal voltage £, and line current I are 
in phase. The fundamental induced voltage £, must be 
the vector sum of terminal voltage plus the internal drops 
Ey and Er. This is shown in the vector diagram. Note 
that the armature resistance drop Er is in phase with 
the current, because it is a direct result of that current. 
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The reactance drop Ey, is laid out 90° leading, as usual. 
Total induced voltage FE, is the hypotenuse of a triangle 
whose base is £; and Er, and whose altitude is Fy,. 


In (B), the magnitude of load current I is the same, 
but it now lags E; by 9°, due to the inductive load. The 
magnitude of Fp and Ey, has also remained unchanged. 
However, by remaining in phase with or following the 
current, £, has tilted the winding impedance loss triangle 
so that E, was required to increase its length in order 
to allow £; to remain constant. What this amounts to, 
when applied to actual generator operation, is that the 
inductive load caused the timing of the armature m.m.f. 
to weaken the field flux. The voltage regulator then 
caused a greater field current, and thus increased £, in 
order to hold £;constant. It is to be noted that the mag- 
nitude of load current is the same in (A) and (B), yeta 
greater field control power was required when an induc- 
tive load replaced the resistive load. 


In figure 6-13 (C), a capacitive load is connected, so 
that line current I leads terminal voltage EF; by 6°. 
Again, Ep follows the current direction, and the winding 
impedance loss triangle is tilted so that Eg became 
shorter in order to maintain £; at a constant length. 
That is, the armature m.m.f. timing was shifted to lead 
the coil e.m.f., and thus it aided and strengthened the 
field flux. The voltage regulator had to decrease field 
strength to prevent £, from rising. Again, it is to be 
noted that current phase, not magnitude, was changed. 
It is also of interest to note that with enough capacitance 
in the load, the generator's induced e.m.f. may actually 
be less than its terminal voltage. Induced e.m.f. and 
terminal voltage are approximately equal when the load 
capacitive reactance matches the armature winding 
inductive reactance. 


A-C Generator Inherent Regulation 
Characteristics 


As you have probably realized from the foregoing, 
the inherent or self-regulating characteristics of an a-c 
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machine are poor when compared to a d-c machine of 
comparable rating. That is, should equal loads be placed 
on both generators, holding field strength constant, the 
a-c generator voltage would undergo a greater change 
than would the d-c generator's voltage. This charac- 
teristic is due to the a-c generator's greater sensitivity 
to armature reaction. 

If the generator's tendency is toward large terminal 
voltage changes with changes in load, then its voltage 
regulator must obviously have a large range of control 
in order to maintain a-c terminal voltage at the desired 
value. The range of field power requirement is so great 
in some cases that the a-c voltage regulating system is 
designed with two separate ranges. This type of two- 
stage control is especially necessary where the voltage 
control of an a-c generator is further aggravated by a 
wide range of generator speed (variable-frequency sys- 
tems). There would obviously be a very large difference 
in field power (current) in a generator operating at high 
speed with a small load, and one operating at a low 
speed with a heavy load. The exciter control relay 
shown in figure 6-14 enables the voltage regulator to 
maintain the proper a-c terminal voltage under both ex- 
treme conditions. 

Under high-speed low-load conditions where less a-c 
field power is required, resistor R1 is in series with the 
a-c field. Contacts Cl andC2 are open. Starting with 
this condition, assume that the a-c load is increasing 
and the generator's r.p.m. is decreasing. The voltage 
regulator will cause the exciter armature output to rise, 
and current to increase through R1, the series coil, and 
the a-c generator field. At this time, the series coil at- 
tempts to close contacts Cl, but cannot do so unaided. 
When the field current becomes high enough, the voltage 
drop across R1 becomes great enough (depending on the 
setting of F2) to operate the pilot relay, closing contact 
C2. When contact C2 is closed, the shunt coil is connected 
across R1, and its magnetomotive force aids the series 
coil, thus closing contacts Cl. Contacts Cl shorts out F1, 
permitting full exciter power to be bypassed around F1 
and applied to the a-c generator field. At this time, the 
pilot relay coil is also shorted, and contacts C2 open, 
which also deenergizes the shunt coil. However, the 
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Figure 6-14.-—Exciter control relay. 


series coil is able to hold contacts C1 closed once it has 
been aided in getting them closed. Contacts Cl will 
remain closed until the field current decreases to the 
drop-out value at which the series coil can no longer 
hold them closed. Though the exciter control relay is 
not connected directly into the exciter field regulator 
circuit, its effect is to give the voltage control system 
as a whole a two-stage range. 

The inherent regulation of an a-c generator is the 
change in voltage from full load to no load, holding field 
strength and r.p.m. constant, expressed as a percentage 
of full-load voltage. 


E ~ 
Percent regulation a x 100. 
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A-C GENERATOR PRIME MOVER 
CHARACTERISTICS 


Single Generator Operation 


The prime mover of an a-c generator is its source of 
rotational force. This force may be supplied directly by 
the aircraft engine, an air or gas turbine, a hydraulic 
motor, or an electric motor (as in the case of inverters). 
Whatever driving device is used, any power taken from 
the a-c generator ultimately is supplied by the prime 
mover. Therefore, the power rating of the driving device 
must be sufficient to supply the generator output energy, 
plus all losses, without excessive speed reduction. The 
governor of the prime mover must maintain driveshaft 
speed, with and without load, within the limits specified 
by the a-c generator's output frequency requirements. 

Frequency and power controls are discussed later in 
this chapter. 


Multigenerator Operation 


In order for a-c generators to operate properly in 
parallel, their respective prime movers must have 
drooping speed-load characteristics. That is, their driv- 
ing devices must undergo slight decreases in r.p.m. as 
load is added to the generators. This requirement exists 
for the following reasons. 

The sloping, or drooping load lines shown in figure 
6-15 show the effects on the speed of the two generators' 
prime movers as the common load is varied. Prime 
mover speed is given as generator frequency. Starting 
with a no-load condition, prime mover speed, and thus 
generator frequency, is at a maximum value, shown as 
Fy,. As load is increased from the no load to the 
operating-load condition, the speedof both prime movers 
decreases until line frequency is at Fo,. An increase of 
load current toa full-load condition would result ina line 
frequency of F,,. It is assumed that both prime movers 
have identical speed-load characteristics, so it follows 
that each generator carries one-half of the total load. 
The terminal voltage and frequency of both generators 
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A-C POWER BUS 





Figure 6-15.—Speed-load curves for a-c generators operating in parallel. 


must always be the same, because their terminals are 
connected directly together on the a-c power bus. 

When a generator is operating at a certain speed with 
a certain load, its prime mover is delivering all the 
mechanical power of which it is capable with that gov- 
ernor setting. If it-were capable of delivering any more 
power, it would obviously speedup. Keeping this in mind, 
consider the following: Assume the two generators in 
figure 6-15 are supplying equal parts of a normal oper- 
ating load, at a frequency of F,,, and at a certain line 
voltage. To start with, the field strength of both gen- 
erators is equal. If the field current of generator No. 1 
is increased, and that of generator No. 2 is decreased a 
like amount, line (terminal) voltage remains the same, 
because the increasing voltage tendency of No. 1 is 
counteracted by the decreasing tendency of No. 2. Ata 
glance, it would seem that generator No. 1 would assume 
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a greater load than generator No. 2, as would be the case 
if d-c generators were used. At this point, however, it 
- must be remembered that the prime mover of generator 
No. 1 cannot assume any greater load. Likewise, the 
prime mover of generator No. 2 cannot drop any of its 
load, because there is no other device in the system to 
assume the load that is dropped, since generator No. 1 
cannot do so. Therefore, it becomes apparent that THE 
BALANCE OF POWER BETWEEN TWO A-C GENER- 
ATORS CANNOT BE EFFECTIVELY CONTROLLED BY 
CHANGES IN THEIR FIELD STRENGTH. 


A-C GENERATORS OPERATED IN PARALLEL 


Reactive Power 


It has been stated that changing the field strength of 
two generators operating parallel does not effectively 
change their power loads. It does, however, have cer- 
tain other effects. 

Figure 6-16 shows what these effects are. To begin 
with, part (A) represents two identical a-c generators 
operating in parallel whose terminal voltages are neces- 
sarily the same, and whose internal losses Ep and Ey, 
are identical. Field strength is the same in both gen- 
erators, so their induced voltage E, is the same. The 
load is nonreactive, so current I is in phase with ter- 
minal voltage £, in both generators. In part (B), the 
field strength of generator No. 1 is decreased, and that 
of No. 2 is increased so that £, is still the same. How- 
ever, the induced voltage E, has been forced to change 
in both generators because it is a function of field strength 
magnitude. For unequal induced voltages to result in 
equal terminal voltages, their vectors shift as shown in 
(B). Current leads in the underexcited generator, and 
lags an equal amount in the overexcited generator. Be- 
cause of this change in the timing of the individual gen- 
erator currents, the armature reaction (m.m.f.) of gen- 
erator No.1 is advanced and so doesnot adversely affect 
its air-gap flux as strongly as before. On the other hand, 
the armature m.m.f. is retarded in generator No. 2, and 
has agreater demagnetizing effect on air-gap flux than be- 
fore. The net result is that the unequal induced voltages, 
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Figure 6-16.—Effects of varying field strength in generators operated in 
parallel. 


due to the inverse and unequal effects of armature reac- 
tion, result in a common equal terminal voltage. It has 
developed, then, that the only visible effect of varying the 
generators field excitation is that current has moved out 
of phase with terminal voltage in both generators. 
Where current leads in one generator, it lags an equal 
amount in the other, so power is still the same in both 
generators. It should be noted that these phase angles 
are NOT caused by a reactive load. Current through the 
load is in phase with line voltage, because load current 
is the sum of the two generator currents. This is shown 
in figure 6-16 (C). Since the generator currents lie in 
opposite directions an equal number of degrees away 
from line (terminal) voltage, their sum current phase 
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angle across the load is zero. However, it should also 
be noted that any reactive characteristic inthe load would 
affect individual generator phase angles still further. For 
instance, an inductive load (due to its retarding effect) 
would decrease the current lead in generator No. 1, but 
would increase the current lag still further in generator 
No. 2. IT BECOMES APPARENT AT THIS POINT THAT 
WHERE THE LOAD IS UNAVOIDABLY REACTIVE, THE 
VARS SUPPLIED BY EACH GENERATOR IS MOST EF- 
FEC TIVELY CONTROLLED BY CHANGING THE FIELD 
STRENGTH OF THE GENERATORS. An equal distribu- 
tion of reactive load (equal generator current phase 
angles) is obtained by changing the voltage regulator 
settings. 


Watt Distribution 


Figure 6-17 will be used to represent the sequence of 
reactions intwo a-c generators operating in parallel when 
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Figure 6-17.—Effects of varying prime mover governor settings. 
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adjustments are made to their prime mover governors. 
It is assumed both prime movers have identical power 
capacities. 

At the start, the generators have equal in-phase cur- 
rent loads, and their speed-load curves (governor settings) 
A and A' are set at the same level. The line frequency 
is Fo, and the equal loads are L, and L,'. The frequency 
line and load lines intersect the speed-load curves at point 
Y in generator No. 1 and at point X in generator No. 2. 

Assume that it is desired to increase the load on 
generator No. 2 and decrease the load on generator No. 1, 
with no change in frequency. By increasing the governor 
setting on No. 2, its speed-load curve is raised to the 
level shown atB. The generator speeds up, bringing gen- 
erator No.1 up with it. (The reason for this is explained 
in this chapter under synchronizing power.) Line fre- 
quency is thus increased from F, to Fy, and since the 
point of intersection has moved from X to X' in generator 
No. 2, the load has increased from L, toL,. The speed- 
load setting for generator No. 1 was not changed, but the 
rise in line frequency moved its point of intersection from 
Y to Y', and decreased its load from L,’toL, . 

Since no change in frequency is allowed, the next step 
is to get the frequency from Fy back down to Fo. This is 
done by decreasing the governor setting on generator 
No. 1 and thus lowering its original speed-load curve 
from A' down to B'. The frequency F, decreases to its 
original value of F,, and the pointof intersection in gen- 
erator No. 1 movesfrom Y' to Y" while its load decreases 
even further, from L,’ to L,'. Simultaneously, the point 
of intersection in generator No. 2 moves from X' to X" 
and its load increases even further from L, toL,. At 
this time, the adjustments are complete. The final value 
of line frequency is unaltered, but the load on generator 
No. 2 has been increased from L, to L3 while the load 
on generator No. 1 has been decreased from L,‘ to L;’. 

From the foregoing, it is apparent that the most ef- 
fective means of balancing the real load, in watts, be- 
tween two a-c generators is through control of their 
prime mover mechanical power outputs. This is ac- 
complished by controlling the governor settings on 
mechanical drives, or by varying the field strength of 
electric-motor drives. 
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From the foregoing discussion of reactive load balanc- 
ing and watt load balancing, it becomes apparent that both 
agenerator's voltage regulator and its prime mover gov- 
ernor serve dual purposes when the generator is operated 
in parallel with another. Their voltage regulators serve 
to control both line voltage and the reactive load balance 
between them, while their prime mover governors serve 
to control both line frequency and the watt load balancing. 
These functions may be accomplished either manually, 
or automatically. 


Synchronizing Power 


When two different generator phases are connected to 
a common bus, their alternating terminal voltages must 
be exactly in phase and of the same magnitude. Each 
phase voltage must reach its positive peak, negative peak, 
and zero value at exactly the same time as the other. 
Assuming these conditions exist, and no load is con- 
nected to the bus, then there will be no current flow 
through either generator. However, if any influence 
Causes one generator to speed up, such as an increase 
in its prime mover governor setting, the other generator 
will also speed up. 

This occurs for the following reason. When the first 
generator is accelerated, its alternating voltage timing 
is advanced slightly ahead of the other. Consequently, 
its phase voltage reaches its peak and zero values 
slightly ahead of the other. As a result, a circulating 
a-c current flows across the bus and through the gen- 
erators. Its effect is to slow the speeding generator by 
loading it and to accelerate the lagging generator by 
tending to’ motorize it. With no load on the bus, the 
faster generator actually drives the slower one to some 
extent, allowing its prime mover to speed up. Where 
the two effects balance, a common and higher frequency 
is reached. 

When a load is on the bus, the overdriven generator 
will not motorize the other, but will take more of the load 
and thus limit its own increase in speed. The under- 
driven generator will accordingly take less load and 
speed up to match the frequency of the faster generator. 
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This interaction is referredto asthe synchronizing char- 
acteristics of a-c generators, andis responsible for their 
strong tendency to remain locked in when operated in 
parallel. 


Required Conditions for Paralleling 
A-C Generators 


Up to this point, the discussion has dealt with the op- 
erating and regulating aspects of a-c generators after 
they have been connected to a common bus. No mention 
has been made of the special requirements to be observed 
before connecting an additional a-c generator to a bus 
already being supplied by another. 

In the parallel operation of d-c generators, a sig- 
nificant aspect to consider is that two generators with 
slightly unequal voltages, and whose armature r.p.m.'s 
are slightly unequal, may be connected to a common bus 
without damaging the generators. Thetwo d-c generators 
will divide the load between themselves so that their ter- 
minal voltages (bus voltages) are equal. At this time, 
their individual speeds and loads may still be unequal. 
From the foregoing, it is apparent that the transient syn- 
chronizing forces which act on two generators when they 
are interconnected produce equal terminal voltages in 
all cases, but speed and load may remain unequal in d-c 
generators. 

When a-c generators are operated in parallel, how- 
ever, only the loading may be unequal. Frequency (elec- 
trical speed) and voltage must both be equal. Where 
synchronizing force was required to equalize only the 
voltage between the d-c generators, these forces are 
required to equalize both voltage and speed (frequency) 
between two a-c generators. Therefore, on a compara- 
tive basis, the transient synchronizing forces for a-c 
generators are much greater than for d-c generators. 
When a-c generators are of sufficient size, and are op- 
erating at unequal frequencies and terminal voltages, 
severe damage may result if they are suddenly con- 
nected to each other through a common bus. To avoid 
this, the generators must be synchronized as closely as 
possible before connecting them together. This is done 
by connecting one generator to the bus (referred to as 
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the bus generator), and then synchronizing the other, or 
incoming generator toit before closing the incoming gen- 
erator's main power contactor. The generators are syn- 
chronized when the following conditions are set: 

1. Equal terminal voltages. This is obtained by ad- 
justment of the incoming generator's field strength. 

2. Equal frequency. This is obtained by adjustment 
of the incoming generator's prime mover speed. 

3. Phase voltages in proper phase relation. (Con- 
necting phase voltages must reach peak values at the 
same instant.) The generators could have the same fre- 
quency, and still not be in step. That is, if the two gen- 
erators have the same frequency, but one is lagging the 
other, the lagging generator will remain a fixed number 
of degrees behind the leading generator, until it is accel- 
erated slightly to catch up. 

4. Phases connected in proper sequence. One pair 
of phases may be properly connected, while the other 
two pairs may be crossed, In this case, the phase sequence 
of one generator may be ACB, while the other is ABC. 

SYNCHRONIZING A-C GENERATORS.—All of the 
foregoing conditions may be set by the following methods. 

Equal voltages may be checked by using a voltmeter. 
The remaining conditions, equal frequency, phase rela- 
tions, and phase sequence, are checked by using syn- 
chronizing lamps. There are a number of ways in which 
synchronizing lamps may be connected, but the most sat- 
isfactory arrangementis the two-bright one-dark method. 
This connective arrangement is shown in figure 6-18. 
Note that the lamps are connected directly between the 
incoming generator's output and the buses. In this way, 
the two a-c sources may be synchronized before the in- 
coming generator's main power contactor is closed. 

Assume that the incoming generator is far out of 
synchronism, lagging. All three lamps will appear to 
glow steadily, because the frequency of the voltage across 
them is the difference in the frequencies of the two gen- 
erators, and thus is too high for individual alternations 
to be observed. As the lagging generator is accelerated, 
however, the lamp (differential) frequency decreases until 
their light flickers visibly. Their flickering will have a 
rotating sequence, if connections are correct, and will 
indicate which generator is faster. 
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Figure 6-18.—Synchronizing lamp connection for two-bright one-dark 
method, 


At a point approaching synchronism, lamp L1 will be 
dark because it is connected between like phases. That 
is, the two phase C voltages will be so nearly synchro- 
nized that their differential voltage across L1 will be in- 
sufficient to make it glow visibly. However, this dif- 
ferential is still of sufficient magnitude to damage the 
generators should they be connected at this time. The 
reason for cross-connecting L2 and L3 is now indicated. 
Under perfectly synchronized conditions, the phase volt- 
ages across L2 and L3 are both 120° apart, because of 
their cross-connection, and both glow with equal bril- 
liance. However, if the generators were not in complete 
synchronism, but only very near it, the small angular 
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phase difference would add to the voltage of L2 or L3 (de- 
pending on phase sequence) and subtract from the other. 
This relatively small difference in voltage, undetectable 
in L1, would cause a visible difference in the brilliances 
of L2 and L3. Thus, by adjusting the incoming generator's 
frequency, and setting L2 and L3 so that novisible differ- 
ence of brilliance exists, the generator frequencies and 
phase rotations may be synchronized very closely. 

In addition to checking frequency, the lamps will also 
indicate improper phase sequence, such as would occur 
if the generators were improperly connected. For in- 
stance, if the conductors were crossed at terminals A 
and B on either generator, L2 and L3 would then be con- 
nected between like phases, just as Ll is already con- 
nected. Consequently, all lamps would flicker in unison 
as synchronized frequency was approached, and all would 
finally grow dark simultaneously, indicating incorrect 
phase sequence. 

If a conductor from terminal A or B were crossed 
with C at either generator, then all three lamps would 
be connected between unlike phases. As a result, they 
wouldall flicker in unisonas synchronized frequency was 
approached, and all would finally flow with equal brilliance, 
which would also indicate incorrect phase sequence. 

In addition to the foregoing, it is possible that the two 
generators have exactly the same frequency,as indicated 
by astationary synchroscope rotor, be connected properly, 
and yet have the wrong lamp dark. Should this happen, 
however, it merely indicates that one generator is exactly 
120° behind the other. This condition is easily corrected 
by slowing the incoming generator momentarily, until 
the proper lamp is dark and the other two are of equal 
brilliance. 

When the lamps have been used to get the generators 
as nearly synchronized as is visibly possible, the syn- 
chroscope, being a highly frequency-sensitive instrument, 
may be used to make the final fine adjustment to the in- 
coming generator's frequency. 

After-all the foregoing checks and adjustments are 
made, the incoming generator's main power contactor 
may be closed, with very little disturbance on the line. 
If the bus generator is supplying a load when the incom- 
ing generator is connected, the incoming generator 
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should assume approximately one-half that load, provided 
the generators and their prime movers are of identical 
types and rating. The bus generator's voltage and fre- 
quency will tend to rise at the loss of load, but the in- 
coming generator's voltage and frequency will tend to 
fall when it assumes part of the load. Asa result, bus 
voltage and frequency are unaffected. The only changes 
that take place occur in the prime mover governors and 
voltage regulators. 


AUTOMATIC FREQUENCY CONTROL AND 
LOAD BALANCING 


Automatic Frequency Control of 
A-C Generators 


Until recent years, any demand for a constant- 
frequency a-c power supply in an aircraft was usually 
satisfied by one or more inverters. Constant-frequency 
delivered by an engine-driven generator was difficult to 
obtain, because of constant changes in the engine's speed. 
The problem of increased weight precluded fora time the 
use of a device to convert variable engine r.p.m. intoa 
fixed generator-drive r.p.m. However, as the power de- 
manded from fixed-frequency systems increased, the 
size of the inverters also increased. This trend con- 
tinued until the weight of the inverters, plus the extra 
weight required in their d-c power supplies, became as 
great as the combined weight of the a-c generators and 
their constant-speed drivers. Thus, constant-speed 
engine-driven a-c generators were made feasible, and 
came into use. Since the introduction of constant-speed 
engine-driven a-c generators, one of the AE's new duties 
has been to become familiar with the frequency controls 
of these systems. 

NONELECTRICAL FREQUENCY CONTROL.—In most 
instances, a-c generator frequency is controlled by a 
mechanical governor which controls the speed of the 
prime mover driving device. In these installations, 
electrical frequency sensing and correction is not used. 
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Where compressed air turbines are used, jet engine 
driving power is utilized in the form of compressed air 
taken from the compressor section of the engine. A-c 
generator speed is then controlled by the amount of air 
passed through the turbine. This type of drive is used 
on the F2H-3, F8U and A3D aircraft. 

Another engine-powered and mechanically speed- 
regulated a-c generator drive is the type used on the 
A4D aircraft. This assembly consists of an engine- 
driven hydraulic pump and hydraulic motor. The as- 
sembly's input r.p.m. varies with engine speed. How- 
ever, its output r.p.m. is held within a narrow speed 
range by the assembly's internal governor. 

Though the foregoing types of drives are classed as 
constant-speed, they actually allow generator frequency 
to vary over an approximate 40-cycle range. One of the 
reasons that this comparatively wide frequency range is 
permissible is that none of the mechanically-controlled 
systems are operated in parallel. At the present time 
the only system in which a-c generators are operated 
parallel is in the P5M aircraft; in this installation fre- 
quencycontrol is accomplished electrically. Other large 
aircraft, including the A3D and WV have more than one 
a-c generator, but their systems include no provisions 
for parallel operation. Instead, each generator supplies 
a separate bus with provisions for either generator to 
supply both buses should one generator fail. 

ELECTRICAL FREQUENCY CONTROL.—When an 
installation must provide for parallel operation of its 
a-c generators, at least two additional features must be 
included which are not found in mechanically-controlled 
systems. Frequency must be automatically controlled 
withina very narrow range,and a manual frequency con- 
trol must also be provided. These two features enable 
you to obtain close synchronization of the generators 
prior to connecting them in parallel. To fulfill these re- 
quirements, electrical frequency controls are employed. 
These typecontrols are used because they are inherently 
more sensitive to frequency changes than mechanical 
controls. An electrical type system is also more easily 
controlled froma remote location by use of a servo loop. 

The schematic in figure 6-19 represents such a sys- 
tem that is in current use. 
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The line voltage, whose frequency is to be regulated, 
is connected across the primary of a transformer Tl 
which has two secondary windings. Each secondary cir- 
cuit consists of a series circuit comprised respectively 
of an inductance, capacitance, rectifier, and one half of 
potentiometer Pl. The series combinations of L2 and C4, 
andLi1 andcC5 are each 20 cycles away from resonance 
when the line frequency is 400 cycles. Capacitors Cl and 
C2 filter the ripple output of rectifiers RT1 and RT2, so 
that a smooth d.c. flows inward from opposite ends of 
P1. The center tap of Pl is a common return for both 
rectifiers. 

When the frequency is 400 cycles, the impedance of 
L1 andC5 is equal to that of L2 and C4, because both are 
being subjected toa frequency thatis 20 c.p.s. awayirom 
their resonant frequencies. Assume line frequency rises 
to 410 c.p.s. L2-c4 is now only 10 c.p.s. off resonance, 
so its impedance decreases. However, L1-C5 is now 30 
c.p.s. off resonance and its impedance increases. Asa 
result, a greater voltage appears across the upper half 
of P1 than across the lower half, and d.c. flows through 
the saturable reactor control coils cCW1, CW3, CW4, and 
CW2. These coils are wound sothat with a given direction 
of d.c. flow, their effect is to increase the inductance of 
the SR1 and Sr4 load windings, while decreasing the in- 
ductance of the SR2 and SR3 load windings. Current is 
effectively cut off through Srl and Sr4,so that alternating 
current flows only through a series path comprised of 
SR2, the motor control winding, SkR3, and ground. The 
resultant motor rotation is ina direction to lower the 
prime mover governor setting, and thus bring line fre- 
quency back down to 400 cycles. 

If a drop, rather than rise, in line frequency initiates 
a control cycle, the control coil current will be in an 
opposite direction. SR2 and SF3 will be cut off, and al- 
ternating current will flow in the series path of SR1, the 
motor control field, SR4, and ground. It is significant to 
note that fora given direction of control coil d.c.,a given 
alternation of applied line voltage will flow upward through 
the motor control winding. Had control coil d.c. been 
reversed, that same alternation would have flowed down- 
ward. Thus, the direction of the induction motor's field 
rotation,and consequently its shaft rotation, is controlled 
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by the direction of the saturable reactor control winding 
current. The direction of the control winding current is 
in turn controlled by line frequency. 

The system just described is more sensitive, and 
maintains closer frequency control than any mechanical 
control system in current use. Thus, it fulfills the re- 
qurement of close automatic frequency control. It also 
provides the required means of remote manual frequency 
control. Manual frequency adjustments are made simply 
by moving the wiper of P1 away from the center,in what- 
ever direction frequency must be changed. 

AUTOMATIC REACTIVE LOAD BALANCING.—The 
system shown in figure 6-20 is designed to sense and 
correct an unbalanced reactive loading between two a-c 
generators. 

Its basic operating concept is that the average d-c 
voltage across R1 will be directly affected by the phase 
angle between the generator's line current and line volt- 
age. This system is VARS-sensitive. That is, when 
linecurrent I, and line voltage £, are in phase, the volt- 
age across R1 is minimum. When line current and volt- 
age are farthest out of phase, as shown in figure 6-20, 
voltage across R1 is maximum. This effect results from 
the timing of the outputs from twodifferent transformers 
Tl and T3, both of which are referenced to a common 
power supply (phase C in figure 6-20). The voltage 
Teference is transformer 71, and the current ref- 
erence is the current transformer T2. T3 is a coupling 
transformer. 





Figure 6-20.—Reactive load balancing system. 
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The output of 71 is fixed in relation to line voltage, 
regardless of where line current lays in phase relation. 
The output of 72, however, swings with line current, 
always lagging it by approximately 90°, regardless of 
where line voltage lays in phase relation. Thus, in fig- 
ure 6-20, where I, is assumed to be 90° out of phase 
with E,, the output of 72 (£,) and consequently the input 
of T3 (Ep) is 180° out of phase with line voltage £,. Since 
T3 is a voltage transformer, its output £, is shifted 180° 
from its input Ep. Through the foregoing steps, the orig- 
inal current-reference output £- is shifted so that it 
comes out directly in phase with the voltage-reference 
output E,. Their combined voltage EE, can thus be seen 
to cause the greatest average rectifier d-c output across 
R1 when line current and voltage are farthest out of phase. 

When line current swings more in phase with line 
voltage, this swing is reflected through the same sequence 
of steps sothat £, is moved out of phase with £,, and the 
average d-c voltage is reduced. 

Figure 6-20 shows the output of two such networks 
connected in electrical opposition to one another. They 
are connected in parallel with the control windings (cw1 
and CW2) of two a-c generator voltage regulators. The 
voltage across Rl reflects the VARS being supplied by 
generator No. 1, and the voltage across F2 likewise re- 
flects the VARS being supplied by generator No. 2. When 
the generators have equal line phase angles (regardless 
of angle magnitude), the current through CW1 and CW2 is 
zero. If the line phase angle of one generator becomes 
greater than that of the other, the result will be unequal 
voltages across R1 and R2. This produces a current 
through the voltage regulator windings CWl and CW2. For 
a given direction of current, the field excitation of one 
generator is increased, while that of the other is de- 
creased. The reactive load of each generator is thus 
shifted until the two are equal, at which time the current 
through CWl and CW2 is again at zero. The reactive load 
may also be shifted manually by moving potentiometer P1. 

WATT LOAD BALANCING.—The system shown in 
figure 6-21 is designed tosense and correct an unbalance 
of watt load between two a-c generators. 

The system is watt-sensitive because the outputs of 
RT1 and RT2 across. their respective halves of Pl are 


260 


oS a, eee hae ee, 7 omen 


t 
Deast 2h A —— —— ES «aa, 2 ae ee eee eee f 


BNO2 
A 





Figure 6-21.—Automatic watt load balancing system. 


equal only when line current and voltage are in phase. 
This characteristic is achieved as follows. Inthe voltage- 
reference transformer T1, the secondary voltage £,, and 
Es. always act in the same direction, and are always of 
the same magnitude. If the current-transformer 72 and 
its output Ep, were notin the circuit, the voltage and cur- 
rent in the primary windings of T3 and T4 would be equal. 
However, when the current-following voltage Ep, is con- 
nected as shown, its two components el and e2 act in op- 
posite directions through the secondary windings of 71. 
Es, is boosted, while E,, is bucked. As a result, the 
primary voltage of T3 is increased, and that of 74 is 
decreased. This unbalance is reflected in their sec- 
ondaries, and in their rectified d-c outputs. 

Though T2's output £,, is constant, its effect on the 
system is variable as a function of its timing. Ep, is 
always at 90° to line current, because T2 is a current 
transformer. Therefore, the timing, or phase relation, 
of Ep, to line voltage is determined by the phase rela- 
tion of line voltage and line current. In the network, line 
voltage is referenced and represented by E,, and Eo». 
In the vector diagrams, it can be seen that when line 
current I, and line voltage £, are in phase, the voltages 
Ep, and £, are 90° apart. When £, is reduced toits com- 
ponents Es, and E5,, and Ep, is reduced to its components 
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el ande 2, it canbe seen that when they are 90° apart, there 
is no buck and boost action. However, when line current 
swings out of phase with line voltage, by 45° for instance, 
el is moved more inphase with E,, while e2 is moved far- 
ther out of phase with £,,. Thus the greater the line phase 
angle, the more pronouncedis the unbalance in d-c output. 

When two such networks are interconnected as in fig- 
ure 6-21, unequal generator watt loads, indicated by un- 
equal line phase angles, will result in unequal d-c voltages 
across P1 and P2. The resulting current flow through the 
saturable reactor controlwindings CW1 and CW2 willcause 
the watt loads to be balanced by causing the prime mover 
governor settings to be moved. Manual load balancing 
may be accomplished by moving potentiometer Pl or P2. 


A-C VOLTAGE REGULATORS 
Rectifier-Carbon Pile Regulators 


Carbon-pile voltage regulators are given sufficient 
coverage in AE 3 &€2, NavPers 10348, and are not dis- 
cussed in this chapter. 


Static Regulators 


A recent addition to the equipment which the AE is 
required to understand and maintain is the static a-c 
voltage regulator. As the word static indicates, there 
are no moving mechanical parts in the entire regulating 
mechanism (except for exciter control relays which op- 
erate only once, when initial generator voltage is built up). 

The overall operating principles of static regulators 
are asfollows. In accordance with the controlexerted by 
the regulator, a certain amount of power is fed tothe ex- 
citer's control field. The amount of power fed to the field 
is regulated by saturable reactors. (Saturable reactors 
are discussed in chapter 5 of this course.) Saturable re- 
actor output to the exciter field isin turn controlled by the 
direction of the d.c. in the reactor'scontrol windings. In 
turn, the magnitude and direction of control-winding cur - 
rent is determined by the magnitude and direction of im- 
balance of anordinary d-c Wheatstone bridge. This bridge 
obtains its d-c power from rectifiers which are fed by the 
line a-c voltage to be regulated. Thus, the level of that 
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line a-c voltage is ultimately responsible for the amount 
of d-c power fed to the exciter control field. 

The general operating principles just described apply 
to all static regulators currently in use. Various regu- 
lators differ, however, in some functions. For instance, 
one type employs two stages of magnetic amplification, 
where another has only one. The regulator discussed in 
this chapter is used ona late model naval aircraft. A 
careful study of its operation will be of help in under- 
standing similar regulators used in other applications. 
The complete regulator used for this explanation appears 
in figure 6-23. However, the heart of the regulator, its 
voltage-sensing bridge circuit, is shown in figure 6-22. 





Figure 6-22.—Line voltage-sensing bridge. 


BRIDGE CIRCUIT.—Figure 6-22 (A) illustrates the 
primary features of the voltage-sensing bridge circuit. 
The line a-c voltage is rectified to a nominal value of 
200 volts d.c. and applied across a bridge consisting of 
R1, G1, R2 and G2. Resistors R1 and rR2 are fixed re- 
sistors. Tubes Gl and G2 are of the gas-discharge type, 
commonly referred to as voltage regulator (VR) tubes. 
Since they possess only a cathode and plate, they are 
rugged and are not subject to the common causes of 
failure in ordinary electron tubes. The most important 
feature of these tubes, however, is their ability to main- 
tain a constant voltage drop across themselves regard- 
less of changes in applied rectifier d-c. The tubes used 
in figure 6-22 (A) maintain a constant drop of 100 volts. 
When line voltage is at the proper value, the d-c bridge 
voltage is 200 volts. The ohmic value of Rl and R2 is 
such that their voltage drops are the same as the voltage 
drops of the tubes. Under these conditions, the bridge is 
balanced and no current flows between points a and b 
through the control winding CW. In part (B), line voltage 
has risen to 210 volts. Since Gl and G2 cannot change 
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their drops, the increase of applied voltage appears across 
Ril and R2. Thus, the increase of applied voltage alone 
has caused an unbalanced bridge, and current flows from 
btoa. In part (C), where line voltage dropped to 190 
volts, tubes G1 and G2 still have a drop of 100 volts. The 
decrease of applied voltage appears across R1 and R2, 
and the bridge is unbalanced in the opposite direction. 

From the foregoing, it can be seen that the essential 
function of the bridge circuit is to translate a variation 
of line a-c voltage into acurrent through thecontrol coil. 

COMPLETE TYPICAL STATIC REGULATOR.—Fig- 
ure 6-23 is acomplete regulator, showing how the bridge 
sensor is connected. 

A complete sequence of operation is as follows: 

At the start, generator voltage is zero and relays Kl 
and K2 are in the positions shown. During the initial 
buildup of voltage, the residual d-c output of the exciter 
armature is connected directly to the exciter control 
field through terminal A+ and K2, through the lower wind- 
ing of stabilizer transformer T3, and then through F+ to 
the field. This causes a rapid buildup of exciter voltage, 
and consequently a rapid buildup of a-c output voltage 
through T1, 72, and T3. When line voltage has risen toa 
near-normal level, the output of cr1 is sufficient to ac- 
tuate relays Kl and K2. With the armature of K2 pulled 
down, exciter output nolonger goes directly to the control 
field, but instead goes only through 72 to A-, and is used 
thereafter only as a stabilizer reference during normal 
operation. When the armature of K1 is pulled down, the 
output of T1's secondary is routed through the load wind- 
ings 3-4 of the saturable reactor L1 to rectifier CrR2. T1 
thus takes over the function of supplying power to the 
exciter control field. The output of 71 is rectified by 
CR2,and the d-c is routed from terminal X on CR2 through 
T3 and thence to F+ and the field. 

The amount of power that Tl may ultimately pass to 
F+ is governed by the impedance of the series load wind- 
ings 3-4 in L1. These windings' impedance in turn is 
regulated by the bridge-powered d-c control winding 1-2. 
The complete regulating loop can now be seen. A-c line 
voltage at 71, T2 and 73 acts through CR1 and BR1into L1. 
This governs the output of T1 through L1, CR2, and T3 into 
the exciter control field. In turn, the exciter control field 
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Figure 6-23.—Typical static regulator. 


regulates the exciter armature voltage, and thus generator 
field strength, and finally the output a-c voltage at 71, 
T2, and T3. 

From terminal X on CR2, d.c. is also routed through 
T2, 73, and the temperature-compensator 7C1. This d.c. 
goes further for it flows downward through L1's winding 
5-6, upward through winding 8-7, and finally back to its 
rectifier source at terminal Y. This circuit is used for 
biasing the saturable reactor Ll at the proper operating 
level. 

Winding 8-7 serves an additional purpose. This is 
explained as follows. To make a complete circuit, ex- 
citer control field current must flow from X on CR2 
through the lower winding of 73, through the field, and 
then back upward through 4-, winding 8-7, and finally 
into terminal Y on CR2. Since the bias winding 8-7 is 
thus seen to be in series with the control field, then it 
follows that any variation in the control field current 
will also cause a variation in the biased output level of 
L1. An increase in control field current causes a de- 
crease in L1's output, because of the way in which 8-7 is 
wound. Winding 8-7, therefore,is employedas astabiliz- 
ing negative-feedback winding, as well as for bias bal- 
ancing. The same stabilizing effects are accomplished 
by transformers 73 and 72. 

Voltage adjustment is made with R1. When R1 is po- 
sitioned to increase the voltage applied across 38R1, the 
bridge will immediately act to decrease line a-c voltage 
and the output of crl until bridge voltage is depressed to 
its original value. 


VOLTAGE CONTROL OF INVERTERS 
Carbon-Pile Inverter Voltage Regulators 


Extensive coverage is not given carbon-pile type volt- 
age regulators in this chapter. An inverter is basically 
a d-c motor-driven generator, and its a-c voltage is con- 
trolled in exactly the same manner as any other a-c gen- 
erator where a carbon-pile regulator is employed. The 
only important difference is that an a-c generator pro- 
vides its own d-c power for field excitation from within 
itself, where an inverter must depend on an external 
source for its field d-c. 
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Electronic Inverter Voltage Regulators 


There are a number of electronically-regulated in- 
verters, and detailed information for each may be found 
in the Handbook of Overhaul Instructions for the partic- 
ular unit. The type of voltage regulator discussed here 
is used only as a typical example, though it closely 
resembles the type used in the Holtzer-Cabot D-139 
inverter. 

The main advantage of a purely electronic inverter 
voltage regulator is that it contains no moving parts, 
such as those in the carbon-pile regulator. 

A regulator of this type is shown in figure 6-24. Its 
operationis as follows. One phase of theinverter voltage 
to be regulated is applied to transformer T3. The sec- 
ondary output is half-wave rectified, so that the top sec- 
ondary winding conducts through V1A on one half-cycle, 
and the bottom winding conducts through V1B on the other 
half-cycle. Filter networks Fl and F2 produce d.c. 
across both VR tube G1 and resistor R2. Any change in 
inverter a-c voltage is translated into a change in the 
average d-c voltage output of the filter networks. Any 
variation in the output of Fl appears across F2. How- 
ever, since G1 maintains a constant voltage drop across 
itself, the equal and simultaneous variations in the out- 
put of F2 must appear across R1. The differential of the 
voltages across R2 and G1 is applied across the grid and 
cathode of v2. In a condition where inverter voltage is 
normal, the upper end of R2 is less positive than the 
lower end of Gl. Consequently, the cathode sees the 
grid as being negative, because the cathode is more 
positive than the grid. The magnitude of the relatively 
negative grid voltage is such that v2 is operated class A. 
In this way, grid voltage, and thus tube conduction, can 
follow any variation in inverter voltage either above or 
below its normal level. Filter network F3 removes any 
ripple from the v2 grid voltage, but does not affect its 
magnitude. R3 is the voltage adjusting rheostat. 

The voltage of cl is also applied across the grid and 
cathode of the parallel tubes V3 and v4. This negative 
biasing is such that v3 and v4 are also operated class A. 
Variations in the conduction and plate voltage of V2 act 
through R4 and F5 to affect the conduction of V3 and V4. 
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The steady-state B+ current flowing through the control 
field is varied as the plate voltage of v3 and v4 is varied. 
In summation, it can be seen that a decrease in the in- 
verter's a-c voltage causes a decrease in the input volt- 
age to T3. The resultis an increase inthe output through 
the control field, raising the output a-c voltage back to 
its original value. 

Another type of voltage regulator is shown in figure 
6-25. This type is used in the Leland SE5-1, SE5-2, 
SE8-2, and SE16 inverters. It is not a purely electronic 
regulator, because a carbon pile is employed to furnish 
the necessary current variations through the inverter's 
a-c generator field. Only the voltage error sensing and 
amplification is done electronically in this regulator. 

The entire voltage of each alternation through sec- 
ondary winding S1 is rectified by vl and v2 and appears 
across V3 and R2. Secondary S2 is the voltage-sensor 
pickup, and heats the filament of V3. S2's output, gov- 
erned by line a-c voltage, thus varies the filament tem- 
perature of V3 in accordance with line voltage. Varia- 
tions of its filament temperature causes variations in 
the cathode electron emission, and consequently the con- 
duction of V3. Therefore, the conduction of direct cur- 
rent and the plate voltage of V3 is controlled through S2 
by the line voltage. Capacitor Cl stabilizes the regu- 
lator's operation by smoothing out changes of voltage 
across V3. 

With a rise inline voltage, v3's conduction increases, 
and its plate becomes less positive. The grid of V4 must — 





Figure 6-25.—Electronic carbon-pile regulator. 
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also become less positive, and therefore the conduction 
of v4 decreases. The resulting decrease of control coil 
current permits decompression and thus causes increased 
resistance in the carbon pile. When the generator field 
current is thus decreased, line voltage decreases to its 
original value. It will be noted that when this type regu- 
lator is used the carbon-pile resistance variation in 
relation to changes of control coil current is the reverse 
of what it is usually found to be. Thatis, in most carbon- 
pile regulators, a decrease of control coil current would 
cause a compression and decreased resistance in its 
carbon pile. Where coil magnetomotive force pulls an 
iron slug away from the stack in most regulators, the 
same magnetomotive force when applied in the Leland 
inverter presses an iron slug against the carbon stack. 
R1 is used for voltage adjustment. 

A third type of voltage regulator appears in figure 
6-26. This regulator is most similar to the ones used 
on Jack and Heintz inverters F138-1, 2, and F148-1, 2. 
It is essentially a rectifier-carbon pile regulator, but is 
given coverage here because it employs at least one 
electronic part. Its operation is as follows. 

Inverter line a-c voltage is fed totransformer T1, rec- 
tified through RT1, and applied through the series circuit 
consisting of R1,the control coil, and the gaseous voltage 
regulator tube 082. Resistor R2 is a voltage developer 
whose IRdrop appears only.across 082 before it fires, and 
across OB2 and the control coil after it fires. When the 
inverter is first turned on, 28 volts d.c. is impressed un- 
opposed across the control coil, and maximum current 
flows upward. This results inmaximum pile compression, 


CARBON 
= ,PILE 






A-C GENERATOR 
FIELD 

Figure 6-26.—Semielectronic inverter voltage regulator. 
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minimum pile resistance, maximum field current, and 
thus the most rapid buildup in a-c output. The rising a-c 
output appears across F2 and is impressed across OB2 
in the form of a rising d-c voltage. When the magnitude 
of this d.c. is approximately 110 volts, 0B2 fires, and 
thereafter its voltage is a steady 105 volts. The ultimate 
steady-state d.c. across R2 is 115 volts. With 105 volts 
across OB2,the remaining 10 volts act downward through 
the control coil, in opposition to the fixed 28 volts acting 
upward, Since the voltage across 082 is fixed, any varia- 
tions of line voltage, and thus d-c voltage across RF 2, 
varies the oppositional voltage acting through the control 
coil. Variations of the opposition encountered by the 
fixed 28 volts causes proportional variations in the con- 
trol coil current, which the 28-volt source impresses 
through the coil. Control coil current affects the carbon 
pile's compression and resistance, and thus field strength, 
so that output a-c voltage is regulated. Voltage adjust- 
ment is made with Rl. 


FREQUENCY CONTROL OF INVERTERS 
Flyweight Carbon-Pile Speed Regulators 


Mechanical (flyweight carbon-pile) inverter speed 
regulation is discussed in AE 3 & 2, NavPers 10348, and 
is not discussed in this chapter. 


Electronic Frequency Control 


Figure 6-27 is a simplified drawing ofthe all-electronic 
frequency regulator used on the Holtzer-Cabot D-139 
inverter. 

Flux ripple in the motor frame, caused by the rotating 
motor armature, induces a small alternating voltage in 
the pickup coil PC. The frequency of this a-c voltage is 
proportional to the motor armature speed, and thus varies 
with the frequency of the main a-c output. Consequently, 
it can be used as an indication of output frequency. When 
the pickup coil a-c signal is applied to the grid of V1, it 
is amplified, and arippling d.c. flows through the primary 
of T1, with a frequency the same as that coming from Pc. 
An a-c voltage, still of the same frequency, is then induced 
into secondaries S1, S2, and S3. 
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When the main a-c voltage is at the proper frequency, 
the PC frequency in S1 will be the resonant frequency of 
the series combination of R2, L1,and Cl. Under this con- 
dition, the voltage across Cl lags the voltage of sl by 90°, 
but leads the voltage of S2, as felt on the plate of v2, by 
90°. Thus, V2 is operated as a grid-controlled rectifier. 
In the sine wave diagram in figure 6-27 (A), it can be 
seen that when the voltage across Cl leads the voltage 
across V2 (Ep) by exactly 90°, tube V2 conducts for ex- 
actly one-half of each positive alternation of its plate 
voltage. The half-cycle of v2's plate voltage (£,) during 
which conduction takes place is the shaded area shown in 
(A). Note that conduction takes place only when both 
sine waves lie on the positive side of their respective 
zero values. 

If the inverter speeds up, the frequency across R2-L1- 
C1 goes above resonance for that circuit, and E>, will 
lead E, by less than 90°. The result, decreased conduc- 
tion through V2, is shown in (B). If the inverter slows 
down, the frequency across R2-L1-Cl1 goes below reso- 
nance, and E,, will lead Ep by more than 90°. The re- 
sult, increased conduction through V2, is shown in (C). 

The pulsating output of V2 across its plate resistor 
RP is filtered through network Fl and appearson the grid 
of V2 as a d-c voltage. This d-c voltage is the average 
of the pulsating voltage on the plate of v2. The magni- 
tude of this d-c voltage on its grid affects the average 
conduction of V3 in the same way as the timing of an a-c 
voltage on its grid affected the conduction of V2. The 
output of V3 is filtered across network F2, and appears 
as a d-c voltage on the grid of v4. Thus, through the 
foregoing sequence, any change of inverter frequency 
results in a change of grid voltage at v4. Variations in 
the grid voltage of V4 causes variations in its conduction 
and plate voltage. These variations of V4's plate voltage 
cause changes in the d.c. through the inverter motor's 
speed controlling shunt field and will be in a direction to 
oppose whatever changes in motor speed initiated the 
regulating cycle. 

The next frequency- regulating circuit to be discussed 
is one similar to that used in the Leland SE5-1, SE5-2, 
SE8-1, 2, and SE16 inverters. Before entering a ‘discus- 
sion of that complete circuit, however, a portion of the 
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circuit should be discussed. This portion in highly sim- 
plified form is shown in figure 6-28. 

Two a-c voltages, £, and £,, are half-wave rectified 
through diodes V1 and V2 and applied across a common 
capacitor. The voltages are 180° out of phase, so each 
tends to charge the capacitor in the direction indicated 
by its arrow. If £,; is of greater magnitude, as shown, 
the capacitor will be charged in the direction of the longer 
arrow, and with the polarity as marked. In the sine wave 
analysis, it can be seen that the peak charge (£,) of the 
capacitor is the difference of peak £, and peak E£,, with 
those voltages exactly 180° out of phase. A variation in 
either voltage's magnitude or phase relation will result ina 
change in the capacitor's charge. The capacitor is 
charged to a peak value of £,; minus £, on the positive 
alternations, but has no low-impedance discharge path 
between alternations. Consequently, its voltage de- 
creases very little between peak charges. Its resultant 
steady-state average wave thus appears as the d-c volt- 
age F,, on the sine graph. Using Ey,y as the control grid 
voltage on V3, the conduction of V3 is directly affected by 
any variations in the magnitude or phase relations of £, 
and E,. For instance, if £, were decreased and £, were 
increased, their difference voltage E,, would be reduced. 
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Figure 6-28.—Simplified portion of Leland frequency regulator. 
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The grid of V3 would become less negative, and v3's con- 
duction would increase. 

All of the operating principles just discussed apply to 
the more complete frequency regulator shown in figure 
6-29. 

The regulator's operation is as follows. Transformer 
T1 is supplied by the inverter's line a-c voltage, and its 
output isin turn applied through Cl and L1. Inductor L1's 
voltage (E,) is impressed and half-wave rectified through 
diode V1A and C2. Line a-c voltage is also applied through 
P1, and a portion of it is tapped off and routed through r2 
and C3. Capacitor C3's voltage (£,) is impressed and 
half-wave rectified through diode V1B andcC2. Voltages 
E, and E, tend to charge C2 in opposite directions. 

When the inverter is operating at the proper frequency 
(speed), the voltages £, and £, are 180° out of phase. 
Voltage FE, is of greater magnitude, however, so E,yy 
across capacitor C2 has the polarity indicated. This 
condition is shown in vector diagram (A). 

If inverter frequency rises, the inductive reactance 
of L1 increases and so does its voltage (£,). Simultane- 
ously, the capacitive reactance of C3 decreases, and so 
does its voltage (£,). In addition, the two voltages move 
more than 180° apart, as shown in diagram (B). Had 
inverter frequency decreased, rather than increased, the 
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Figure 6-29.—Complete Leland inverter frequency regulator. 
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result would have been just the opposite in all respects, 
as shown in (C). Note that £,, of the magnitude shown 
in (A) is decreased in (B), but increased in (C). Since 
E,y is applied to the grid of V2, any change of inverter 
frequency results in a change of v2 conduction. Any 
change in V2's conduction varies the current through the 
auxiliary carbon-pile control coil ACW. Coil ACW is wound 
in magnetic opposition to the fixed main control coil CW. 
Therefore, any variation in ACW current (v2 conduction) 
affects the two coils' differential magnetic force acting 
on the carbon pile CP. Variations of carbon-pile com- 
pression cause variations of shunt field strength, and 
result in corrective inverter speed changes. 


A-C SYSTEM PROTECTION 


With the incorporation of high-capacity a-c power 
systems in naval aircraft, there came the accompanying 
problems of protecting both the aircraft and its a-c sys- 
tem from a number of possible fault conditions. Such 
forseeable conditions included power feeder cables short- 
ing to ground (ground fault), improper system voltage 
(voltage fault), and improper system frequency (fre- 
quency fault). A discussion of each type of fault will 
follow. 


Ground-Fault Protection 


PREVENTIVE GROUND- FAULT PROTECTION. —This 
type protection is basically in the realm of installation 
and design practices, aimed at preventing a ground fault 
from occurring in the first place. A few examples of 
preventive action are: adequate insulation and isolation 
of buses, insulated junction boxes, and extra insulation 
in critical areas. However, protection of a corrective 
nature must also be provided, because ground faults may 
occur despite all preventive measures. 

CORRECTIVE GROUND- FAULT PROTECTION. — This 
type protection comes into use after a ground fault has 
occurred, mainly to prevent fire or damage to the air- 
craft. The primary function of protective networks or 
devices is usually to disable a faulted power system. 
However, some devices designed to provide this protection 
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also have a secondary feature; that of isolating only the 
damaged or faulty portion of a system, when possible, 
and thus permitting continued use of the undamaged por- 
tions. These may be referred toas dual-function devices. 

Single-function devices do not permit continued use 
of the undamaged portions, but function only to disable 
and isolate an entire power system when a fault occurs 
anywhere in the system's protected portions. These por- 
tions include only the generator, its power feeder cables, 
and the bus to which it is connected. (Branch circuits 
coming off the bus have their own fuses and circuit 
breakers.) 

The type of device to use in a particular a-c power 
system is dictated by the nature of the equipment supplied 
by that particular system. All such equipment must fall 
into at least one of the following categories: 

1. Vital equipment required at all times to maintain 
controlled flight. 

2. Equipment needed to perform the aircraft's mis- 
sion, but not necessary for controlled flight. 

3. Convenience equipment, not necessary for either 

(1) or (2). 
Obviously single-function devices could not be used in 
systems supplying power for category (1) equipment. On 
the other hand, it would not benecessary to employ dual- 
function devices insystems supplying power for category 
(3) equipment. The choice of device for category (2) would 
depend on the importance of the aircraft's mission. An 
additional feature of both dual- and single-function de- 
vices and networks is their fail-safe design. This fea- 
ture is incorporated wherever possible. If a protective 
device, circuit, or network is fail-safe, this means that 
the protected a-c power system will not be disabled, 
should the protective equipment itself fail. 

Figure 6-30 illustrates two typical general methods 
currently employed to provide ground-fault protection. 
Both are designed fail-safe. Part (A) is a differential- 
relay single-function method, and (B) is a fuse mesh 
dual-function method. In (A), the two current trans- 
former outputs are connected in opposition across the 
differential relay coil. If either the hot feeder cable or 
the ground feeder cable becomes grounded, then the cur- 
rents through the two cables are unequal, and this will 
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Figure 6-30.—(A) Single-function protector; (B) dual-function protector. 


result in unequal current transformer output voltages. 
The differential of these voltages will operate the differ- 
ential relay, which opens the generator field, and dis- 
connects the generator's feeder cable from the bus. This 
method is fail-safe to the extent that if one or both of the 
interconnecting leads become either open or grounded, 
this protective circuit failure will not cause the generator 
to be disabled. 

Part (B) of figure 6-30 is the dual-function method. 
If a ground fault occurs on any one of the three feeders, 
the fuses at the endsof the faulted feeder will open. This 
isolates only the faulted portion, while permitting con- 
tinued use of the rest of the system. 


Overvoltage-Fault Protection 


Under normal conditions, system a-c voltage is con- 
trolled by the voltage regulator. However, to cope with 
forseeable voltage-fault conditions not controllable by the 
regulator, provisions for backup voltage-fault protection 
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are needed in a-c power systems. These provisions are 
made inanumber of different ways, for different aircraft, 
and the best wayto familiarize yourself with any certain 
method or device is to consult the Handbook of Overhaul 
Instructions, or the Handbook of Maintenance Instructions. 

One means of obtaining overvoltage protection is by 
the use of fuses in the power feeders. These are the 
same fuses which also serve as ground-fault protectors. 
The ampere rating of these fuses is such that nontran- 
sient overvoltages will cause sufficient overcurrent to 
open the fuses, before serious damage is done. 

Where an overvoltage tripping relay protective mode 
is used, its general circuitry wil. usually be similar to 
that shown in figure 6-31. The average of all three phase 
voltages is translated through T1 and the rectifiers into 
an average d-c voltage which is applied to the coil of the 
trip relay When a high-voltage fault occurs, the trip 
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Figure 6-31.—Overvoltage protector circuit. 
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relay interrupts the d-c to the a-c power contactor, 
opening it, and disconnecting the a-c generator from its 
bus. Trip-voltage adjustment is made with R1. 


Underfrequency Fault Protection 


During certain phases of a-c generator operation, it 
is necessary toprevent the generator's output from being 
connected to its normal loads. One of the most common 
of these is during a low-frequency output condition, such 
as when the generator has been started but has not reached 
full speed. Another is when the generator has been shut 
down and slows below a safe output frequency. The gen- 
erator may be connected or disconnected, as needed, 
through the use of any of anumber of frequency-sensitive 
devices. 

The simplest of these employs a speed switch which 
closes when the a-c generator's prime mover attains a 
safe speed (frequency). This speed switch simply opens 
or closes the circuit to the main a-c power contactor. 
In general, a mechanical speed-switch controlled circuit 
is not as sensitive as an electrically controlled circuit 
and so is used where the allowable frequency range is 
relatively wide. 

Where frequency protection must be limited to a nar- 
rower range of generator speed, the electrical type is 
generally used. The operating principles of the most 
common electrical types are similar to those of the cir- 
cuit shown in figure 6-32. 

Line voltage is applied through Cl and Rl, so that a 
certain portion of voltage appears across each when line 
frequency is correct. The voltage of R1 is applied through 
C2 to a parallel circuit consisting of C3 and L1 inone leg, 
and C4, R2, RT1, and the trip relay coil in the other leg. 
This parallel circuit is resonant at 400 cycles. Due to 
the characteristics of resonant parallel circuits, the im- 
pedance, and consequently the voltage drop, is maximum 
across points A and B (£,,) when line frequency is 400 
c.p.s. A portion of this voltage appears across the trip 
relay coil and holds its contacts closed. When line fre- 
quency decreases, however, more voltage is dropped 
across Cl, so less voltage is impressed across the paral- 
lel circuit. In addition, the parallel circuit goes off 
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Figure 6-32.—Electrical underfrequency protector. 


resonance with the change in frequency, its impedance 
drops, and a greater percentage of RF1's output voltage is 
dropped across C2. Thus two effects have combined to 
reduce the voltage through C4, R2, RT1, and the trip relay 
coil. A _ still greater reduction in R2-RT1-trip relay 
voltage takes place because the decreasing frequency 
causes a greater percentage of E,, to be dropped across 
C4. When the decrease of line frequency is great enough, 
the resultant decrease in trip relay coil voltage causes 
the relay's contacts to open. This in turnopens the main 
a-c power contactor, and the a-c generator is discon- 
nected from the bus. Coarse adjustment of the trip fre- 
quency is made with R1, and fine adjustment is made 
with R2. 


Phase Sequence Protection 


Where a load is to be shared by two a-c generators, 
or where a given load may be supplied by more than one 
generator at different times, provisions must be made 
for indicating relative generator phase rotation prior to 
connecting an a-c generator to the bus. Acommon situa- 
tion where such protection is needed is where an external 
a-c power unit, such as the NC-5, may be connected to 
an a-c system normally supplied by the aircraft a-c 
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generator. If the aircraft a-c generator is connected to 
the load with a positive phase rotation, it would not be 
allowable to use an NC-5 with a negative phase rotation. 
A phase sequence-sensitive relay designed to prevent 
this is shown in figure 6-33. 

The unit consists of three filter networks; one sensi- 
tive only to a positive phase sequence, and the other two 
sensitive to a negative phase sequence. The output of 
two of the networks, marked POS. and NEG., operate 
their associated coils. When the a-c phase sequence at 
terminals A, B, and C is in the proper direction, the 
POS. coil is energized. If the phase sequence is re- 
versed, the NEG. coil is energized. D-c voltage from 
the COM. terminal is connected either to the POS. SEQ. 
terminal, or NEG. SEQ. terminal, depending on which 
relay coil is energized. Thus, external power contactor 
K1 may be closed only when the external power source 
has the correct phase rotation. The third filter network 
is sensitive only to a negative phase rotation, and pro- 
vides a voltage for a light or other warning device. 
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Figure 6-33.—Phase sequence relay. 


282 


) 
| 
| 
| 
{ 
| 
! 


QUIZ 


The advantage of a rotating field-stationary arma- 
ture machine over the rotating armature-stationary 
field type is that 
a. higher load currents can be utilized 
b. the need for sliprings is eliminated entirely 
c. heavier excitation currents can be carried 
d. less insulation is required due to lower coil 
—- voltages. 


In an aircraft a-c generator 
a. a 5/6 pitch eliminates the third harmonic 
b. a 4/5 pitch reduces both the 4th and 5th har- 
monics 
c. the fractional pitch reduces armature reaction 
d. the fractional pitch improves voltage wave- 
form, 


When a salient-pole fieldis used inan a-c generator, 
the voltage waveform is improved by also using 

a. concentrated windings 

b. distributed field windings 

c. a 5/6 pitch to eliminate the third harmonic 

d. distributed armature windings. 


A three-phase, three-wire generator gets extremely 
warm when operating with no load. The machine 
has just been reassembled. The trouble most likely 
is that the machine was mistakenly 

a. wye connected with a reversed phase 

b. delta connected with an open phase 

c. delta connected with a reversed phase 

d. wye connected with an open phase. 


A-c generator armature reaction at no load 
a. distorts the main field flux 
b. is nonexistent 
c. Opposes the main field flux 
d. aids the main field flux. 


The factors affecting a-c generator regulation are 

a. armature resistance and power factor of the 
load 

b. resistance and reactance of the armature 

c. I2R losses of the armature, plus windage and 
friction losses 

d. armature resistance,armature reactance, and 
armature reaction. 
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7. An a-c generator with a voltage regulator has a 
resistive load connected across its terminals which 
draws 10 amperes. The resistive load is replaced 
by an inductive load which draws 10 amperes. The 

a. terminal voltage will decrease 
b. excitation current will increase 
c. terminal voltage will increase 
d, excitation current will decrease, 


8. An a-c generator with no voltage control has a full 
load e.m.f. of 120 volts, and a no-load e.m.f. of 145 
volts. The percent of regulation is 

a. 8.3 
b. 17.2 
c. 20.8 
d. 83.0. 


9. To parallel two three-phase a-c generators they 
must 
a. operate at the same speed 
b. have the same number of poles 
c. be in phase in the load circuit 
d. be carrying the same amount of load. 


10. Two a-c generators are operating in parallel and 
supplying a lagging power factor load. The meter 
readings on the control panel are: 

Frequency: 400 cycles 
Volts: 120 volts 
No. 1 generator: 5 KVARS and 27 kw. 
No. 2 generator: 8 KVARS and 27 kw. 
To properly balance these loads 
a. increase the speed governor setting of No. 1 
b. decrease the excitation of No. 1 
c. increase speed governor setting of No. 1 and 
decrease speed governor setting of No. 2 
d. increase excitation of No. 1 and decrease ex- 
citation of No. 2. 


11. Two a-c generators are properly paralleledand sup- 
plying power to a lagging power factor load. One 
means of shifting all of the load to No. 1] generator 
would be to 

a. decrease the speed governor setting and field 
current of No. 2 

b. decrease the speed governor setting of No. 1 
and decrease excitation of No. 2 

c. decrease the speed governor setting of No. l 
and increase excitation of No. 2 

d. Increase the speed governor setting and exci- 
tation of No. 2. 
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12. 


13. 


14, 


15. 


16. 


Two a-c generators are to be synchronized by using 
three lamps as connected in figure 6-18. There is 
no apparent rotation of the lamps; lamps No. | and 
No, 3 are of equal brightness and lamp No. 2 is dark. 
The generators are 
a. synchronized, but 120 degrees apart 
b. prime-movers operating at the same speed 
c. synchronized, but are of improper phase 
rotation 
d. not synchronized, but operating at the same 
frequency. 
When using the two-bright one-dark method of ob- 
taining instantaneous polarity for paralleling a-c 
generators, improper phase sequence is indicated by 
a. all lamps flickering in sequence 
b. all lamps appearing dark 
c. all lamps flickering simultaneously 
d. two lamps dark and one bright. 


The resistance of the exciter control relay used with 
some carbon pile voltage regulators to extend the 
control range, is placed in series with the 
a. exciter field when the current demandis slight 
b. a-c generator field undera full load, minimum 
speed condition 
c. exciter field under a no-load, high-speed 
condition 
d. a-c generator field under a no-load, high-speed 
condition. 


In figure 6-19, Ll andC5 are tuned to 380 cycles. If 
capacitor Cl became shorted 
a. no current would flow in the control windings 
of the reactor bridge . 
b. the frequency would be lower than normal 
c. the frequency would be higher than normal 
d. the frequency would hunt. 


The automatic reactive load balancing system 

a. controls the magnitude and phase relation of 
the voltage supplied to the variable phase ofa 
two-phase motor 

b. senses an unbalance of reactive loads between 
alternators operating in parallel by means of 
current transformers 

c. senses an unbalance of alternator terminal 
voltage by means of a delta transformer 

d. senses an unbalance in terminal voltages be- 
tweentwo a-c generators operating in parallel. 
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17. 


18. 


19. 


20. 


21. 


Automatic real-load balancing 


a. 
b. 


Cc. 


d. 


is accomplished by a signal developed in the 
frequency discriminator circuit 

uses a current transformer sensing circuit to 
provide a signal tothe voltage regulator circuits 
utilizes acombined wattmeter-variometer cir- 
cuit to sense an unbalance in wattage between 
two a-c generators operating in parallel 
utilizes a current transformer sensing circuit 
to provide a signal toa reactor bridge network, 


During the normal operation of a three-phase a-c 
generator, utilizing a static type voltage regulator, 
the exciter field current is 


a. 
b. 
Cc. 


d. 


a portion of the exciter a-c generator output 
and is controlled by the saturable reactors 
supplied by the a-c generator output through a 
rectifier and controlled by saturable reactors 
directly proportional tothe a-c generator ter- 
minal voltage regardless of load 

supplied by the a-c generator output through a 
rectifier and controlled by varying the resist- 
ance of the field circuit. 


In figure 6-26, during normal operation the current 
in the control coil is 


a. 
b. 
Cc. 
d. 


maximum when starting the inverter 

supplied from the rectified a.c. 

maximum at a high-speed, no-load condition 
minimum when starting the inverter. 


In figure 6-27, if the inverter speeds up, the fre- 
quency across R2-L1-Cl goes above resonance. This 
will cause 


a. 


b. 
Cc. 
d. 


In the 
ciple 
a. 


b. 


Cc. 


tube V2 to conduct for exactly one-half of each 
positive alternation of its plate voltage 

an increase in conduction through V2 

a decrease in conduction through V2 

tube V2 not to operate as a grid-controlled 
rectifier. 

Leland inverter frequency regulator, the prin- 
of operation is 

the charging and discharging of a capacitor 
through an RC network 

applying the average voltage of a capacitor to 
the grid of a tube, thus controlling the tubes, 
conduction 

that of a resonant RLC circuit tuned to the 
proper frequency 

that of impressing two unequal in-phase volt- 
ages across a Capacitor. 
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22. A primary objective of a fault sensing system is to 


a. 


b. 
C: 


d. 


maintain controlled power to the vital circuits 
as long as possible 

protect the various load devices onthe aircraft 
from excessive current 

maintain power toall essential circuits as long 
as the generator system will function 

protect the aircraft power system from all 
possible excessive current conditions. 


23. Acharacteristic of fuse-mesh generator-feeder net- 
works is that 


a. 
b. 
c. 


d. 


the generator is removed from the system 
whenever a ground fault occurs 

the pilot receives a positive indication at the 
time a fault circuit exists 

the fuses must be inspected after each flight 
to determine circuit condition 

each fuse is capable of conducting full-load 
current. 


24. The overvoltage protective system 


is used to sense excessive generator terminal 
voltage due to an unbalanced load 

is not needed in parallel operation 

protects the distribution system from exces- 
sive voltage due to a malfunctioning voltage 
regulator 

protects load equipment from high voltage re- 
sulting from a high-speed condition. 


25. The frequency sensitive relay and the underspeed 
switch 


a. 
b. 
Cc: 


d. 


must.be reset manually after they have been 
tripped 

are used to protect the load equipment from a 
high frequency voltage supply 

permit paralleling of two a-c generators even 
though they have different frequencies 

are designed to protect the load from a low 
frequency voltage supply. 
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CHAPTER 





SERVOMECHANISMS 


In the operation of electrical and electronic equipment, 
it is often necessary to control a mechanical load that is 
remotely located from its source of control. Examples of 
this are the movement of flight control surfaces in auto- 
matic pilot operation and the movement of the pointer of a 
fuel capacity indicator. The mechanical load may require 
either high or low torque movement. For example, high 
torque is required for the movement of flight control sur- 
faces, whereas low torque is required for the movement 
of a fuel quantity indicator pointer in a capacitance-type 
fuel quantity system. 

It can be stated that a servomechanismisa device that 
positions an object with respect toa varied signal capable 
of supplying only small power. It operates to reduce to 
zero the difference that may exist between the actual and 
the desired position of the load. 


COMPONENTS OF A 
SERVOMECHANISM SYSTEM 


The essential components of a servomechanism system 
are the input controller and the output controller. 

The input controller provides the means whereby the 
human controller controls the remotely located load. This 
may be achieved either mechanically or electrically. 
Electrical means are usually used. Synchro systems and 
bridge circuits are the most widely used methods of input 
control for servomechanism systems. Ifyou feel that you 
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do not understand bridge circuits and synchro systems, it 
is suggested that you become familiar with them before 
studying this chapter. The Navy Training Course, Basic 
Electricity, NavPers 10086, gives extensive coverage to 
both. 

The output controller of a servomechanism system is 
the component or components in which power development 
occurs. This power may be developed either by vacuum- 
tube amplifiers, magnetic amplifiers, or servomotors; in 
most applications a combination of these is used. The 
power is converted into a mechanical motion of the re- 
quired torque and direction to produce the desired func- 
tion. Figure 7-1 shows a simplified block diagram of a 
servomechanism system. 


OUTPUT CONTROLLER 
pee ee ee | __ OUTPUT 


SERVO ELECTRIC SHAFT 
AMPLIFIER 


SERVO ee) —— 
















MOTOR 


INPUT CONTROLLER 


Figure 7-1.—Simplified block diagram of a servomechanism. 


It is frequently necessary to control the position of a 
device in accordance with some function of a signal sup- 
plied by a controlling instrument. If the power required 
to operate the device is larger as compared to the power 
available from the controlling instrument, power amplify- 
ing means must be provided. When the amplification of 
the input controlling signals is carried out by a machine 
or automatic device rather than by ahuman operator, the 
complete system is known as an automatic control system. 

Automatic control systems can be divided into two 
types, depending upon the source of the signals that actuate 
the output controller. If the signals supplied to the output 
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controller are determined not only by the controlling in- 
strument but also by the position of the device being con- 
trolled, the system is known as a closed-loop control 
system. This system is the one most frequently used 
since it is seldom possible to find a power controlled 
mechanism in which the loop is not closed either mechani- 
cally, or through a human link. Ifthe signals supplied to 
the output controller are not a function of the position of 
the device being controlled, the system is known as an 
open-loop control system. Figure 7-1 is an open-loop 
control system; however, if a signal from the output shaft 
was generated and routed back to the input, then this would 
be a closed-loop system. 


SERVOMECHANISM TERMS 


The term servomechanism refers to alarge variety of 
power amplifying devices. 

The following terms have been applied to servomecha- 
nisms. The quantities defined are well established and, 
although they have not been standardized, are understood 
by those active in the field. 

INPUT - The input is the controlling quantity. It may 
be the displacement of a shaft, a voltage or current, a 
temperature level, and so forth. 

OUTPUT - The servo output is the positionor state of 
the controlled quantity. It may be any of the quantities 
listed in the definition of the input. 

ERROR - The servo error is the difference between the 
£2rvomechanism input and the output. 

ERROR DETECTOR - The error detector is the device 
which compares the input with servomechanism output. 

SERVO CONTROLLER - The servo controller is the 
device in which the input is the error and the output con- 
trols the servomotor. 

SERVOMOTOR - The servomotor is the prime mover 
of the servomechanism. It is actuated by the servo con- 
troller and controls the servo load or output. 

SERVO LOAD - The servo load is the quantity upon 
which the servomotor operates. 


DATA TRANSMISSION SYSTEMS 


In some servomechanisms the data transmission sys- 
tem may consist solely of an error detector (control 
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transformer). In many servo systems, both the physical 
position of the servo output and the origin of the signals 
comprising the servo input may be remote from one 
another and from the servo controller. The function of 
the data-transmission system isto transmita signal from 
the input signal generator to the control transformer. 
This signal is combined with the servo output in the error 
detector (control transformer) which determines the mag- 
nitude and direction of error. This signalis then applied 
to the servo controller. 

The error detector is the component of the data- 
transmission system that is used for comparing the input 
and output functions. The error may be resistive (poten- 
tiometer), capacitive, or the output from one of several 
types of transforming devices. 

A commonly used transformer error detector is the 
synchro. The synchro has been developed to the point 
that it is characterized by relatively high accuracy, low 
noise level, reasonably small driving torques, and excel- 
lent life. Some of the disadvantages of synchros are: (1) 
the large size necessary to maintain high accuracy; (2) the 
high power consumed; and (3) the fact that the output sup- 
plied to the servo controller is always an alternating volt- 
age modulated by the servo error angle and must be de- 
modulated in either the servo controller or the 
servomotor. | 

The synchro data-transmission system is comprised of 
a synchro generator, a synchro receiver, and in some 
cases a differential generator. (Refer to Basic Electric- 
tty, NavPers 10086, for the theory of operation and func- 
tion of a differential generator.) The synchro generator 
transforms the motion of its shaft into electrical signals. 
These signals are transmitted to the synchro receiver 
which is the error detector. 

The stator of the generator consists of 3 coils spaced 
120 electrical degrees apart. The voltage induced into the 
stator windings is a function of the position of the gener- 
ator rotor. These voltages are applied to the 3 similar 
stator windings of the synchro receiver ora control trans- 
former. The voltage induced in the rotor of the synchro 
receiver depends upon the relative position of the gener- 
ator rotor with respect to the direction of the stator flux. 
The variation of the synchro-receiver output voltage as a 
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function of the rotor position relative to an assumed stator 
flux direction is shown in figure 7-2. While there are two 
positions of the rotor, 180 degrees apart, where the output 
voltage is zero, only one corresponds toa stable operating 
position of the servo. 

Another type of error ‘detecting element commonly 
used in the data-transmission system is the potentiom- 
eter. Potentiometers are generally used only where the 
input and the output of a servomechanism have limited 
motion. They are characterized by high accuracy, small 
size, and the fact that a d-c or a-c voltage may be obtained 
as the output. Their disadvantages include limited motion, 
a life problem resulting from the wear ofthe brush on the 
potentiometer wire, and the fact that the voltage out of the 
potentiometer changes in separate steps as the brush 
moves from wire towire. A further disadvantage of some 
potentiometers is the high driving torque required. 

Figure 7-3 shows a typical servo system with a poten- 
tiometer data-transmission system. 


SERVO AMPLIFIER 


The servo amplifier supplies the required amplifica- 
tion of the error signal. In mostdata-transmission sys- 
tems, the strength of the error signal generated is in 
millivolts. Besides amplifying the error signal, theam- 
plifier also changes the servo signal into suitable form 
for controlling the servomotor. 

A servo amplifier is usually divided into three 
sections—the preamplifier, the sense detector, and the 
power amplifying section. Figure 7-4 showsa block dia- 
gram of a servo amplifier. 

PREAMPLIFIER.—The preamplifier section isa volt- 
age amplifier. Its function is to increase the amplitude 
of the input signal error voltage without changing its elec- 
trical characteristics. In most preamplifier stages, the 
amplifier operates in class A. Most preamplifiers for a 
servomechanism system need more than a single stage of 
voltage amplification. To obtain greater gain, several 
stages are utilized to produce a single output. This ar- 
rangement is called a cascade amplifier. 

SENSE DETECTOR.—The sense detector (second sec- 
tion in the block diagram of fig. 7-4) detects the phase 
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Figure 7-2.—Induced voltage in synchro control transformer rotor. 
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Figure 7-2,—Induced voltage in synchro control transformer rotor. = 
Continued 


polarity of the amplified error voltage in reference to a 
fixed voltage. The sense detector ultimately controls the 
direction in which the servomotor rotates. Itdoes this by 
controlling either the timing or direction of the power 
amplifier output. 


A typical diode phase discriminator, which is a sense 
detector, is shown in figure 7-5. As illustrated, an a-c 
excitation voltage serves as the reference voltage to the 
discriminator. This voltage must come from the source 
supply that will create the voltage to be compared to the 
reference. The plates of thetwodiodesare supplied with 
this reference voltage in such a manner that they will be 
in phase. Assuming that there is no error signal from 
T2 into the plates of the diodes at the time the plates are 
on a positive half cycle, the two diodes will conduct 
equally. The voltages produced across R1 and R2 are at 
equal potential with respect to ground. The a-c compo- 
nent is removed by capacitors Cl andc2. The output is 
zero as long as no signal is introduced by T 2. 
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Figure 7-3.—A potentiometer data-transmission system. 





Figure 7-5.—Phase sensitive rectifier using diodes. 
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For a further understanding ofthe circuit, assume that 
a control transformer is controlling the circuit and is 
manually turned to a position to produce an a-c voltage of 
a definite phase relationship to the reference voltage and 
of an amplitude determined by the amount of rotor change. 
If the phase relationships of the two voltages are such that 
the plate of V1 has a positive half cycle of error signal at 
the same instant that the reference voltage on the plates 
is on its positive half cycle, v1 will conduct more than 
v2. At this same instant, the plate of v2 will havea 
negative half cycle of the error signal, which will reduce 
its conduction. The cathode of v1 is now positive in re- 
spect to the cathode of V2, due to the charges on Cl and 
C2. The change in amplitude in this direction will actuate 
a control circuit which will move the output shaft in the 
proper direction. The correction speed of the output 
shaft will, through a feedback device, cause the error 
voltage to drop to zero, at which time the output voltage 
will return to its static level, stopping the controlling 
action. 

If the rotor of the control transformer were turned in 
the opposite direction, the phase of the voltage applied to 
the primary of T2 would be changed by 180 degrees. Si- 
multaneously, the plate of V1 would receive a negative 
half cycle of error voltage from the secondary of 72, 
while, at the same instant, the two plates would be ona 
positive half cycle of the reference voltage. Thus, the 
conduction of V1 will be reduced and the conduction of v2 
will increase above its static level. The d-c output will 
change so that the cathode of v2 will be positive in respect 
to the cathode of vl. This new error signal will thus 
cause the d-c voltage output to be in a direction opposite 
to that previously given. This causes the output shaft to 
move in the opposite direction. 

A triode phase discriminator is widely used in servo 
amplifiers which the Aviation Electrician will maintain. 
Figure 7-6 shows a typical triode phase discriminator 
circuit. 

In this circuit, as in the previous one, the plates of the 
tubes are supplied with the a-c reference voltagein such 
a manner that they are in phase. For purposes of explana- 
tion, assume that no error signal is presentat T2. When 
the plates of vl and v2 are positive, the two tubes will 
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Figure 7-6.—Triode phase discriminator circuit. 


conduct equally. The plate current that flows will set up 
fields in the d-c motor exciter windings that are equal 
and opposite; therefore, the fields cancel and produce no 
output torque. When the plate voltages are on a negative 
half cycle, Cl and C2 maintain a constant d-c current 
through the windings. 


If an error signal is introduced into the primary of 
T2 of such a phase relationship that the grid of v1 will be 
positive at the same instant that the plate of V1 is positive, 
the following conditions will exist: 


1. On this half cycle the conduction of v1 will be in- 
creased above its static value. 


2. The heavier plate current will cause a stronger field 
to be created in the upper exciter windings. 


3. At this same instant, since the grid of v2 is ona 
negative half cycle, its average conduction will be reduced 
to alevel below that of its static value, producing a weaker 
field in the lower exciter winding. 


4. Since the magnetic fields produced in the exciter 
windings are no longer of equal amplitudes, they can no 
longer cancel each other, and mechanical torque is de- 
veloped by the d-c motor. 
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5. The motor rotation will cause the proper mechan- 
ical actions necessary to reduce the amplitude of the error 
to zero. 

6. As the error signal is reduced to zero, the current 
conduction through v1 and v2 will again be balanced, the 
exciter fields will be equal, and mechanical action will be 
stopped. (Resistors k1 and R2 prevent excessive grid 
current when the error signal is large.) 

In many applications the servomotor will be a two- 
phase a-c motor. The triode phase discriminator circuit 
just described can also control thea-c servomotor. This 
is done by allowing the triode phase discriminator d-c 
voltage to control the control winding of a magnetic ampli- 
fier. Figure 7-7 shows a typical triode phase discrim- 
inator circuit in which a magnetic amplifier is used to 
control a two-phase a-c servomotor. (Magnetic ampli- 
fiers are discussed in chapter 5 of this training course.) 
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Figure 7-7.-Servo amplifier using triode phase discriminator to control 
a magnetic amplifier. 


Referring to figure 7-7, the plates of the two dis- 
criminator tubes v2 and v3 are connected to opposite ends 
.of a transformer, while their cathodes are connected at a 
common midpoint of the transformer. This results ina 
180-degree phase difference between the plates of v2and 
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V3. The cathode of each discriminator tube is fix biased 
at plus 35 volts d.c. The tubes are therefore held at cut- 
off when no signal is applied to their grids. 

An a-c plate voltage is applied to both discriminator 
tubes. Each tube conducts only when its plate is positive 
with respect to its cathode. Since the plate voltages are 
180 degrees out of phase, the tubes conduct alternately. 
When a small positive signal isappliedtoa tube the grid 
is brought above cutoff and the tube conducts. This oc- 
curs whenever the sensing detector sends an error signal 
to the amplifier. (The same signal appears at the grids of 
both discriminator tubes.) The plate and grid voltages are 
phased so that the grid voltage is either in phase or 180 
degrees out of phase with the plate voltage for a particular 
tube at a particular time. The output of each tube is 
filtered and goes to the d-c control winding of a magnetic 
amplifier, which supplies power amplification ofthe cor- 
rect magnitude and phase. 

The magnetic amplifier consists of two sets of three 
windings; each set is wrapped around a separate core. 
The magnetic amplifier may be considered to be two 
transformers. Each has a primary winding, a secondary 
winding, and a control winding. The control winding 
controls the flux density in the core and the voltage in- 
duced in the secondary. The secondary windings of the two 
transformer sections of the magnetic amplifier are con- 
nected in series-opposing. Since the two transformer 
sections are electrically identical, equal voltages are in- 
duced in the two secondary windings when there is no 
signal to the control windings. However, the primary and 
secondary windings are wound so that the voltages in- 
duced in the two secondaries buck each other. Therefore, 
there is no output from the magnetic amplifier. 

When a signal is passed to the amplifier, the originally 
equal output signals from the magnetic amplifier section 
now become unequal. The difference between both output 
signals is proportional to the amplifier input signal. Since 
the output signals from the twotransformer sections buck 
each other, the series combination of these two signals is 
a signal that is equal in magnitude to the difference be- 
tween the signals and is of the same phase as the larger 
signal. The output signal from the magneticamplifier is 
then passed to the variable phase of the servomotor, thus 
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resulting in clockwise or counterclockwise rotation of the 
servomotor shaft. 


SERVOMOTORS 


Servomechanisms may be classified according to 
motive characteristics. Three types of motor drivesare 
used extensively in positioning systems. They are the d-c 
motor, the a-c motor, and the hydraulic motor. 

The d-c motor is a high torque device and is widely 
used in servomechanisms where smooth control ofheavy 
loads is desired. The d-c servomotor is a specialized 
form of the standard d-c motor in that it is designed to 
provide nearly linear changes in speed with proportional 
changes in armature current. This feature permits the 
d-c servomotor to change its direction and speed of rota- 
tion smoothly, and with minimum mechanical stress on the 
controlled mechanism. 

The two types of d-c motors used in servomechanisms 
are the split-field d-c motor and the shunt-field d-c 
motor. The split-field d-c motor is used when the me- 
chanical load is light to moderate; when larger power re- 
quirements are necessary, the shunt-field d-c motor is 
used. 

The a-c motor is essentially a constant speed device. 
This characteristic makes it impractical for use as a 
servomotor in a number of applications. Nevertheless, 
a-c servomotors are used extensively in many systems 
where a rapid, accurate, and low cost servomechanism 
is required. Moreover, since a-c devices and systems 
are generally far more flexible and trouble free than their 
d-c counterparts, considerable research has made it 
possible for a-c servomotors to gain increasing favor with 
servo system designers. A few advantages of the a-c 
servomotor are: (1) no commutator and brush mainte- 
nance; (2) a-c amplifiers are not subject to the drift 
(development of an output signal with no input signal) 
encountered in d-c amplifiers; and (3) it is preferred 
where space is limited, since the commutator of a small 
d-c servomotor occupies a large part of the motor volume. 

The two-phase induction motor is the most widely used 
a-c motor for servomechanism systems. The stator of 
the motor consists of two similar windings which are 
positioned at right angles to each other. The rotor may 
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be wound with short-circuited turns of wire or may be a 
squirrel cage rotor. The squirrel cage is most common 
and is made up of heavy conducting bars which are set 
into armature slots, the bars being shorted by conducting 
rings at the ends. Figure 7-8 is a simplified cross- 
sectional view and a schematic diagram of a two-phase 
induction motor. 
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Figure 7-8.—Simplified cross-sectional view of a two-phase induction 
motor. 


Referring to figure 7-8, if the voltages applied to coils 
A and B are 90 degrees out of phase, the currents that 
flow will also be displaced by 90 degrees. Since the 
magnetic fields generated in the coils will be in phase with 
their respective currents, the magnetic fields will also be 
displaced 90 degrees with respect toeachother. The two 
magnetic fields will add together at every instant during 
their cycle to produce one resultant field which will rotate 
one revolution for each cycle of thea.c. As the magnetic 
field rotates, it cuts through the short-circuited con- 
ductors on the armature and induces a voltage in them. 
The induced voltage will cause a current to flow in these 
conductors. Whenever current-carrying conductors exist 
in a magnetic field, motor action results and a turning 
force is exerted on the conductors in the same direction 
as the rotating magnetic field. Therefore the armature of 
the motor starts rotating. | 
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In order to reverse the direction of rotation of the 
motor, the current flowing in either oneofthe coils must 
be reversed. This will reverse the direction of rotation 
of the magnetic field and the rotor will turn in the opposite 
direction. The torque of the motor can be varied by vary- 
ing the strength of one of the magnetic fields. 

The hydraulic motor servomechanism is a rugged 
power amplifying device, operating on the hydromechan- 
ical principle. This type of system, which was in use 
before the development of electrical servomechanisms, 
supplies a very large power output with the advantage of a 
relatively small physical size. The operation of the hy- 
draulic system is rapid and smooth. Because of its rugged 
construction, it is used extensively where heavy loads 
must be positioned. 

Due to the limited use of the hydraulic drive in aviation 
servomechanism systems, no further discussion is con- 
sidered necessary. 


FOLLOWUP SYSTEMS | 


The followup system in servomechanism systems is 
similar to a degenerative feedback circuit in electronic 
circuits; that is, it tends to cancel the original signal ap- 
plied to the amplifier. 

In a servomechanism system, an error signal is de- 
veloped by an input controller. (See fig. 7-1.) This 
signal is amplified and then sent to the servomotor. The 
servomotor operates (moves the load) until the input error 
signal returns to zero. There are two ways of returning 
the input error signal tozero: (1) by manually moving the 
input shaft in sucha direction that the error signal voltage 
developed by the input controller is zero, and (2) moving 
it automatically by the the followup method. 

The followup system is one that controls the amount of 
movement or displacement of a mechanical load. This is 
done by using potentiometers or synchro circuits. Figure 
7-9 shows a simplified servomechanism system employ- 
ing a synchro followup circuit. 

The followup system in figure 7-9 consists of a synchro 
whose rotor is mechanically connected to the output shaft 
of the servomotor. The mechanical connection may be 
direct or it may be made through reduction gears. If the 
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Figure 7-9.—Servomechanism system using a followup synchro. 


servomotor is allowed to rotate a full 360 degrees, the 
followup synchro rotor will be connected to the servomotor 
output shaft by a stepdown gear, allowing the synchro rotor 
to turn only a few degrees as the servomotor turns many 
revolutions. The reason for this type of synchro rotor 
drive is to assure that the synchro rotor operates from 
one null position. In the study of control transformers 
and synchros, it has been shown that inorder to produce a 
signal (voltage) of one particular phase, the synchro rotor 
must operate from one null position. Ifthe synchro rotor 
were allowed to rotate 360 degrees, the output signal 
(voltage) of the synchro stator would change phase rela- 
tionship twice during every 360-degree rotation of the 
synchro rotor. 


The followup synchro rotor is positioned so that its 
magnetic field produces a minimum voltage in the stator 
when the servomotor is at rest in its normal position. 
This position is known as the null position. 


Any signal that is developed by the input controller will 
cause the servomotor to rotate. This rotation may be 
clockwise or counterclockwise, depending on the phase 
relationship of the input signal. As the servomotor ro- 
tates, it will cause the output shaft and the followup 
synchro rotor toturn. The turning ofthe followup synchro 
will cause a voltage to be developed in the synchro stator. 
The phase relationship of the followup stator's voltage , 
will always be 180 degrees out of phase with the output 
voltage of the input controller. The magnitude of the fol- 
lowup voltage will be directly proportional to the angular 
movement of the followup synchro rotor from its null 
position. The two voltages, the input and the followup, 
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will appear across resistors R1 and R2, respectively. 
(See fig. 7-9.) 

The two resistors R1 and R2 are connected in series 
with each other and in series with the grid and cathode of 
the preamplifier. The grid voltage of the preamplifier 
will be the resultant of the voltages developed across R1 
and R2. 

Initially, the voltage across R1 causes the servomotor 
to operate. As the followup rotor moves from null, the 
followup voltage appears across F2, subtracting from the 
voltage developed across R1. When the servomotor has 
moved the load and the followup rotor far enough to cause 
the followup voltage to be equal in magnitude to the voltage 
of R1, the servomotor will stop, as the voltage on the grid 
becomes zero. The servomotor can be made to rotate 
further in the same direction by displacing the input shaft 
further. It will rotate until the followup signal again has 
equaled the voltage of R1. 

If the input shaft were turned in the opposite direction, 
then the followup voltage would be larger than the input 
voltage of R1. Since the followup voltage is 180 degrees 
out of phase with the input voltage of k1, the signal (volt- 
age) applied to the preamplifier grid will be that of the 
followup. This voltage causes the servomotor to rotate 
in the opposite direction. The servomotor will rotate 
until the input and the followup voltages are again equal. 

It can be seen that the followup system of a servo- 
mechanism system prevents overcontrol of the load. 
Without followup it would be impossible to stop a servo- 
motor at a selected position. 


ANTIHUNT DEVICES 


If the input shaft of a servomechanism is suddenly 
turned to a new position, the output shaftis often found to 
oscillate several times about its new position before com- 
ing to rest. This is due to the inertia and friction of the 
output shaft. Oscillatory motion of a servomechanism is 
often referred to as hunting. 

Special devices or networks, which permit the gain of 
the amplifier to be increased without sustained oscilla- 
tions occurring, are often included in servomechanisms. 

An obvious method of stabilizing a servo system is to 
increase the mechanical friction at the output shaft. By 
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sufficiently increasing this friction, not only canoscilla- 
tions be prevented but also any desired degree of damping 
can be obtained. Due to various disadvantages associated 
with this method of damping, it is seldom used. One 
major disadvantage is that much power is wasted, since 
the servomotor must produce many times the amount of 
power required to turn the load. Mostof this power output 
is converted into heat by damping friction. 

Another disadvantage is that velocity errors are in- 
creased by the friction; that is, the friction increases the 
angle by which the output shaft lags the input shaft when 
both are turning at constant speed. The damping friction 
causes a torque at the output shaft, and an error is re- 
quired to make the servomotor supply this torque. 

The most efficient method of antihunt damping is 
electrical. This method eliminates the disadvantages of 
the mechanical antihunt device. 


Electrical Damping of A-C Servomotors 


The most common electrical method of damping the 
a-c servomotor is by use of the rate generator. 

A rate generator consists of two separate field coils 
and a squirrel cage rotor. Its constructionis very similar 
to that of a two-phase induction motor. However, where 
the induction motor utilized electrical energy in its field 
coils to: produce rotor movement, the rate generator 
utilized rotor movement to produce electrical energy in 
one of its field coils. Figure 7-10 shows a simplified 
schematic of a rate generator. 

The rotor of the rate generator is connected on the 
same shaft as the rotor of the servomotor. Therefore, 
the speed of the rotor of the rate generator is directly 
proportional to the speed of the servomotor rotor (1:1). 
The direction of rotation of the rotor of the rate generator 
is determined by the phase relationship of the input signal 
causing the servomotor rotor to rotate. 

A-c voltage is used to excite the fixed field of the rate 
generator. In aircraft installations this excitation voltage 
is usually 16 volts; its frequency is 400 cycles. The 
fixed field excitation voltage produces a magnetic field 
about the rotor of the rate generator. 

If the rotor of the rate generator is rotating, the im- 
bedded conductors of the rotor will cut the magnetic field 
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Figure 7-10.+Rate generator, simplified. 


produced by the fixed field. This cutting of the magnetic 
field causes current to flow in the conductors of the rotor. 
Since these current-carrying conductors also pass by the 
unexcited field, they will produce a voltage in the winding 
of the variable field. The voltage induced into the variable 
field will have a magnitude directly proportional to the 
speed of the servomotor. The phase relationship of the 
voltage of the variable field will be determined by the 
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direction of rotation of the servomotor rotor.’ This is — 


illustrated in figure 7-11. 


The output voltage of the rate generator's variable | 


field is phased so that italways opposes the variable field 
input voltage of the servomotor. Since the speed of the 
servomotor rotor determines the magnitude of the output 
voltage of the rate generator, it can be seen that the rate 
generator output voltage can never completely cancel the 
servomotor's variable field voltage. However, it will 
furnish a damping effect by regulating the voltage of the 
input signal. 

In most servomechanism installations that employ the 
rate generator as a damping device, the output of the rate 
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generator is connected in series with the servo's followup . 


output, as shown in figure 7-12. 


The two voltages (rate generator and followup) may be | 
in phase with each other, or 180 degrees out of phase. If 
the servomotor is being driven by an error signal, the | 
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Figure 7-11.—Phase relationship. 


2 5 V FIXED 
7 400 OM FIELD 
t RATE GENERATOR 







SERVO ~ OUTPUT 





> GEARTRAIN 


\. CFOLLOW UP 
ROTOR 


Figure 7-12.—Schematic of a closed-loop servo system. 


rate generator voltage and the followup voltage will be in 
. phase with each other and out of phase with the error 
. signal, thus controlling the damping and the total move- 
. ment of the servomotor. 
‘If the followup voltage is driving the servomotor, the 
rate generator voltage will be out of phase with the fol- 
lowup voltage. This regulates the servomotor speed on 
_ its return to null position and prevents "overshooting." 
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Servomechanism Adlustments 


It is important that you know how to make the proper 
adjustments to servomechanisms in order to obtain proper 
performance. Adjustments must be made when new equip- 
ment is installed, when components such as control trans- 
formers, differential synchros, servo amplifiers, tubes, 
or other parts of the servo system are replaced, and dur- 
ing normal service as a resultof variations in the system 
due to normal usage. These adjustments will provide 
changes in gain, phase, and balance of the servo ampli- 
fier, and also the alinement or zeroing of the synchros and 
followups of the system. 

The zeroing of synchros has been discussed in general 
in Basic Electricity, NavPers 10086, and will notbe dis- 
cussed in this chapter. Instructions fora specific type of 
equipment will be found in the Handbook of Service In- 
structions for that equipment. 

PHASE ADJUSTMENT.—After the servo system has 
been zeroed or alined, it is then necessary to ascertain if 
the phase relationships are correct. Phase shift adjust- 
ments are frequently provided in a servo system to com- 
pensate for any undesirable phase shift caused by the am- 
plifier or the synchro data-transmission system. Whena 
system uses a two-phase servomotor, the variable winding 
voltage must be 90 degrees out of phase with the fixed 
voltage winding. Many servo systems providea means of 
adjusting the phase difference between these voltages. 
There are various methods of making this adjustment. 
Some equipments provide a means of adjusting the phase 
of the fixed voltage winding. Other servo systems use an 
amplifier that contains a variable R-C or R-L network 
which, when adjusted, varies the phase of the variable 
voltage winding. 

An improper phase difference may be detected with an 
oscilloscope. This procedure is explained in chapter 14 
of this training course, under the heading ''Phase Com- 
parison." 

Phase adjustments are generally made with the system 
at rest (no input signal). In order to provide sufficient 
output from the control amplifier for comparison with the 
input to the fixed winding, it is desirable to physically 
hold the servomotor away from its correspondence 
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position. The phase adjustment is then made so as to 
provide a 90-degree phase displacement. 

When a new system is installed or components re- 
placed, it is necessary to check connections for proper 
polarity relationships. Unless the fixed and controlled 
voltages have the proper polarity relationships, the servo 
will not have stability and the motor will run uncontrolled. 
Likewise, if a rate generator is used in the servo system, 
the output of the generator must have a polarity that will 
increase the system's stability rather than decrease it. 

EFFECT AND ADJUSTMENT OF CONTROLLER 
GAIN.—The overall gain of the system has a most im- 
portant effect on servomechanism response character- 
istics, andisone ofthe more easily adjustable parameters 
in electronic servo controllers. Increasing the system 
gain reduces the system velocity errors and those static 
errors resulting from restraining torques on the servo 
load or misalinement in the system. An increase in 
system gain also increases the system's natural fre- 
quency, and therefore its speed of response to transient 
inputs. However, excessive gain always decreases the 
rate at which oscillatory transients disappear, and con- 
tinued increase in the system gain eventually produces 
instability. The optimum gain setting depends on the 
particular application for which the servo system is in- 
tended. The gain should always be as high as is com- 
mensurate with system damping. 

When feedback networks are used, the relative gains 
of these networks and the amplifier's forward gain must 
be adjusted in order to obtain optimum performance. If 
the gain setting for these two adjustments are not given 
in the service instructions, they may be obtained experi- 
mentally by gradually adjusting first one and then the 
other. 

Since the gain ofthe servo will be affected by the phase 
of the various voltages, it is desirable to check the phase 
adjustments before making the gain adjustments. When 
small servomotors are used, itis possible to measure the 
dynamic performance by checking the number of over- 
shoots. This may be done by causing the rotation to 
cease, then manually rotating the servomotor a certain 
number of degrees from correspondence, and then al- 
lowing it to snap back to its correspondence position. The 
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number of overshoots for a particular amount of servo 
displacement must be determined experimentally from 
equipment that is functioning properly. This may be used 
as a comparison guide between the same types of equip- 
ment that are functioning properly. As arule in aviation 
equipment, due to weight limitations, the servomotor has 
little torque in excess of that required of it. Because of 
this, whenever any additional load is added to the motor, 
the system is apt to become sluggish or intermittent. 

Oftentimes the servo amplifier is thought to be the 
cause of the above action when in reality it is due to an 
increase in load. This increase may be caused by ex- 
cessive mechanical friction due to worn gear trainsor de- 
fective bearings, and may frequently be detected by man- 
ually rotating the servomotor with power removed. The 
amount of effort required to rotate the system that is not 
operating properly is compared with that required to ro- 
tate a system that is operating properly. 

BALANCE ADJUSTMENT..—Frequently, servo ampli- 
fiers contain a balance adjustment to overcome any elec- 
trical unbalance that may occur in the amplifier. This 
unbalance is primarily caused by the unequal conduction 
of tubes. The adjustment is generally provided by con- 
necting a potentiometer in the cathode circuits of the out- 
put tubes. This potentiometer is sometimes place in the 
cathodes of the driver stage instead of the output stage. 
As the potentiometer is changed, the cathode bias will 
increase on one tube and decrease on the other, depending 
upon the direction of movement ofthe potentiometer arm. 
Thus, by proper positioning of the potentiometer, the tubes 
can be made to draw equal current. 

When this adjustment is made, itisnecessary to short 
out the input to the servo amplifier. With zero input 
to the amplifier, the balancing adjustment is rotated to the 
null or minimum voltage output from the servo amplifier. 
This indication is taken from a meter that is connected 
across the output winding or from a test jack. 


“APPLICATIONS OF 
TYPICAL SERVOMECHANISMS 


The remainder of this chapter will be devoted to an ex- 
planation of the theory and operation of two different 
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servomechanisms that are typical of airborne servo 
systems. Automatic pilot application will not be dis- 
- cussed in this chapter, but will be fully discussed in 
chapter 10 in connection with automatic flight control 
- systems. The first explanation will deal with servo sys- 
- tem used to control a searchlight, and the second will 
- explain the servomechanisms used in capacitance fuel 
- quantity systems. 


Aircraft Searchlight Servo System 


Aircraft searchlights were discussed in chapter 4 of 
AE 3 & 2, NavPers 10348. A further discussion in how 
the positioning of the searchlight is controlled will be 
given in this chapter. Figure 7-13 shows a diagram of a 
typical aircraft searchlight system. 
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Figure 7-13.—Aircraft searchlight control system. 


The searchlight is controlled by a controller which 
contains two synchros; one is used for azimuth control 
and the other for elevator control. Thetwo synchro out- 
puts are amplified in the searchlight amplifier. This 
amplifier has two identical sections, one for azimuth 
signal amplification and power output, and the other for 
elevator signal amplification and power output. 

The outputs of the amplifier are sent to two servo- 
motors located in the searchlight unit. One motor is for 
azimuth control and the other is for elevation control. 
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The position of the searchlight reflector is transmitted to 
an indicator which indicates to the operator the position 
of the reflector. 

Only the azimuth control circuit will be discussed since 
its operation is identical to the elevation control circuit. 
Figure 7-14 shows a schematic diagram of an azinvith 
control circuit. 





Figure 7-14.-Schematic diagram of the azimuth control circuit of a 
searchlight. 


The amplifier shown in figure 7-14 is a three-stage, 
180-cycle type. Its tube complement consists of one 
2C51 and two 6A05 beam-power tubes in the output stage. 
There are also two neon tubes which are used as voltage 
regulators. 

The first stage of the amplifier provides voltage am- 
plification. The controller signal is applied to the grid 
of the first half of the tube v122. R157 is a grid leak re- 
sistor. Plate current flowing in R161 biases the cathode, 
thus making the cathode more positive than the grid. 
C138 is an RF bypass capacitor. 

The signal is amplified in the firsthalfof the tube and 
the a-c component is passed to the grid of the second : 
half through capacitor c140. The second stage also pro- 
vides voltage amplification. F163 is the cathode biasing 
resistor and F165 is the grid leak. The a-c component of 
the amplified signal is passed to the gridof v124 through 
coupling capacitor C142. 
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The output stage consists of v124 and v126, acting 
together in push-pull. Plate voltage is obtained from a 
270-volt d-c supply. For push-pull operation, two signals 
equal in magnitude but opposite in polarity must be applied 
to the grids of the two tubes. Part of the output of v124 
must therefore by applied to v126. The input to V124 is 
the voltage across F169. 


The voltage across R173, which is part of the voltage- 
divider network R171 and R173, constitutes the input to the 
grid of v126. cl44 is a d-c blocking capacitor. Both 
cathodes are self-biased through the biasing resistor 
R127. Proper polarity exists for the necessary push-pull 
actions because of the phase shifting that occursin v124. 
The output is taken from the plates of v124 and v126 
through the output transformer 7107. Part of the output of 
T107 is fed back degeneratively to the grid of the first 
half of v122 by way offeedback resistor R127. This feed- 
back takes the place of the rate generator, which was 
discussed earlier in the chapter. 


When the output of 7107 energizes the variable field of 
the servomotor, the motor will rotate in sucha direction 
to cause the searchlight reflector to move in azimuth. 
Its direction depends on the phase relationship of the out- 
put signal of the controller. Asthe servomotor moves its 
load (reflector), it will also cause the followup rotor to 
move. This movement causes a change in the magnetic 
field of the stator of the indicator and the stator of the 
controller. 


As the magnetic field changes in the indicator stator, 
it will cause the indicator rotor to follow and to aline 
itself with the resultant magnetic field. The indicator 
rotor has a pointer attached to it. This pointer sweeps 
a graduated dial as the rotor moves, indicating the posi- 
tion of the reflector in azimuth. 


At the same time, the changing magnetic field in the 
controller stator causes the output signal of the controller 
to become smaller. When the servomotor has moved to 
the position first selected by the controller, the followup 
will cause the resultant magnetic field in the controller 
stator to cut the rotor ata right angle, thus nulling the 
signal output of the controller. 
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Capacitor-Type Fuel Quantity System 


The capacitor-type fuel quantity system is discussed 
in AE 3 & 2, NavPers 10348. A further discussion of the 
operation of the amplifier and signal circuit is necessary 
in order to fully understand the servomechanism com- 
ponents of this system. 

The main difference between this servo system and the 
searchlight servomechanism is that a potentiometer 
rather than a synchro is used to obtaina followup signal. 
Figure 7-15 shows the complete schematic diagram of a 
capacitance fuel gage system used in a modern naval 
aircraft. 





Figure 7-15.—Complete schematic diagram of fuel quantity system. 


The system consists of four main units or sections— 
the tank units (capacitors installed in fuel tanks), the 
reference capacitors (installed outside of fuel tanks), the 
amplifier section, and the indicator section. 

The fuel gage system operates on the bridge-circuit 
principle. (If you are not familiar with this operation, it 
is suggested that you review pertinent sections of chapter 
14 of AE 3 & 2, NavPers 10348.) Anytime the bridge cir- 
cuit becomes unblanced, the preamplifier section of the 
amplifier receives a signal, causing a small servomotor 
located in the indicator to rotate. The direction of rota- 
tion depends on the phase relationship of the bridge-circuit 
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signal. As the servomotor rotates, it causes the indicator 
pointer to move over a graduated dial (calibrated in pounds 


- of fuel), and also causes a wiper arm of a potentiometer 
- to move. The movement ofthe potentiometerarm causes 
- the bridge circuit to again become balanced (acts as fol- 
- lowup). 


i= 1 


A typical system will be described inorder to acquaint 
you with the various circuits. (Refer to fig. 7-15.) The 
amplifier section consists of a preamplifier stage and a 


- power stage. The power supplies for the tubes are ob- 
- tained from transformer 7102; rectifier CR101 supplies 
' half-wave rectification. The signal input and output of the 


preamplifier stage is controlled by R-C networks. The 
output of the power stage is coupled to transformer 7101. 
Transformer 7102 has the following three functions: (1) 
it supplies plate voltage for the tubes, (2) it supplies 115 


~ volts, 400 cycles to the fixed phase of the servomotor, 


and (3) it supplies reference voltage for the bridge circuit. 
Transformer 7101 supplies voltage to the variable phase 
of the servomotor. Capacitors C111 and C112 are phase 
shifting capacitors; these assure maximum efficiency of 
the servomotor. 

The indicator section consists of a two-phase servo- 
motor, a gear train connecting the motor tothe indicator 
pointer, and a potentiometer wiper. The wiper moves 
over a potentiometer that supplies followup signal. The 
tank units and the reference capacitor form the bridge 
circuit. One side (/103) of the tank unit is connected to 
the secondary of transformer T7102. J104connectsa side 
of the reference capacitor to the secondary of 7102. This 
connection is through the potentiometer in the indicator. 


- The remaining sides of the tank units and the reference 


capacitor are connected to the grid of the preamplifier 
through J102. (NOTE: The dark lines in figure 7-15 in- 
dicate the bridge circuit.) 

When the fuel tanks are empty, the capacitance of the 
tank units and the capacitance of the reference capacitor 


- are the same. Thus, no signal is developed across re- 


sistor R104. If the fuel tanks are being filled, increase 
of current through the tank unit half of the bridge circuit 
will occur. This is due to the increase in capacitance of 
the tank units, resulting in an unbalanced bridge. An un- 
balanced bridge causes a signal to be developed across 
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resistor R104. The signal will be amplified by vl10la and 
V101b. It then goes through one stage of power amplifica- 
tion and is sent to the primary oftransformer T7101. The 
secondary output of 7101 produces a voltage of the proper 
magnitude and phase relationship, which causes the servo- 
motor rotor to rotate in the full position. At the same 
time the motor rotor, through a gear train, causes the 
potentiometer wiper to be moved in the full direction, 
thus increasing the voltage applied to the reference 
capacitor circuit. As the reference capacitor voltage 
increases, an increase in current in the reference 
capacitor half of the bridge circuit causes the signal 
across R104 to become smaller. When the fuel tanks stop 
receiving fuel, the potentiometer will move until thereis 
enough current flow in the reference capacitance circuit 
to cancel the current flow inthe tankunit circuit. At this 
time the signal across resistor R104 is zero. 

As fuel is being used from the fuel tanks, the capaci- 
tance of the tank units decrease, thus allowing the refer- 
ence capacitor circuit to develop a signal across R104 of 
opposite phase relationship. Again the signal is amplified 
and sent to the variable phase of the servomotor, causing 
it to rotate in the empty direction. This also causes the 
voltage applied to the reference capacitance circuit to 
decrease. The servomotor in the indicator will rotate 
until the two signals (tank unit signal and reference 
capacitor signal) are equal. The only time this will happen 
is when the fuel level is not changing. 

The capacitance fuel gage system indicator will indi- 
cate the fuel remaining after a flight, or up to the time 
the electrical power was turned off. Since aircraft are 
usually filled after each flight, with electrical power off, 
the indication will not again be accurate until electrical 
power is again turned on. 
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QUIZ 


In a servomechanism system, the input controller 
a. controls the gain of the amplifier 
b. controls the remotely located load 
c. provides the power to the servomotor 
d. provides the amplification of the error signal 


What is the function of the data-transmission system ? 
a. It is used for comparing the input signal with 
the output function of the controller 
b. It transmits a signal from the input signal gen- 
erator to the control transformer 
c. It transmits a signal to the controller 
d. It is used to measure an error signal 


In a servomechanism system, when the amplifier's 
gain is advanced too far, the 
a. servomotor overheats 
b. system goes into a highly oscillatory condition 
c. system's natural frequency decreases 
d. speed of response to the transient inputs de- 
creases 


The stator of the synchro has 
a. three windings spaced 120 electrical degrees 


apart 
b. two windings 180 mechanical degrees apart 
c. sliprings 
d. a voltage that is induced into the transmitter 
rotor 


The searchlight controller described in this chapter 
contains two synchros which are used for . 

a. azimuth and elevation control 

b. azimuth and rudder control 

c. elevator and reflector control 

d. rudder and reflector control 


The automatic control system mostoften used is the 
a. open-loop system 
b. closed-loop system 
c. combination open- and closed-loop system 
d. system that does not have a feedback.loop 


One method of stabilizing a servo system is by 
a. decreasing the friction of the system 
b. increasing the power to the servomotor 
c. increasing the system's damping 
d. increasing the amplifier gain 
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10. 


ll. 


12. 


13. 


14. 


The purpose of the phase sensitive rectifier is to 
change the d-c error to an a-c voltage 
supply power to the controller 
change the a-c error signal to a d-c voltage 
reduce the servo amplifier's output to zero 
when the input is zero 
The input frequency to the amplifier shown in figure 
7-14 is 
a. 400 c.p.s. 
b. 200 c.p.s. 
c. 180 c.p.s. 
d. 60 c.p.s. 
Which of the following best describes the synchro ? 
a. Large size, low accuracy 
b. Low power consumption 
c. High accuracy, low noise level, long life 
d. High driving torques 
The most common method of electrical damping is 
accomplished by 
a. using a rate generator 
b. increasing the amplifier gain 
c. decreasing the voltage to the fixed phase of the 
servomotor 
d. using a larger servomotor 
Potentiometer-type detecting elements are charac- 
terized by 
a. small size and low accuracy 
b. the fact that they can be used with both a-c and 
d-c voltages 
c. the fact that they possess long life as com- 
pared to a synchro 
d. low driving torque 
Referring to figure 7-15, transformer T101 has which 
of the following functions ? 
a. It supplies 115 volts, 400 cycles to the fixed 
phase of the servomotor 
b. It supplies the plate voltage to the tubes 
c. It supplies voltage to the variable phase of the 
servo 
d. It supplies the reference voltage to the bridge 
circuit 
In a servomechanism system, the output controller 
a. isthe component or components where electric 
power is converted to mechanical power 
b. converts mechanical motion into power to drive 
the load 
c. provides a means of control of the input con- 
troller 
d. provides an error signal to the amplifier 
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15. 


16. 


17. 


18, 


19. 


20. 


21. 


The followup synchro in figure 7-9 is positioned so 
that its magnetic field 
a. induces a minimum voltage into the stator at 
the null position 
b. induces a maximum change in voltage at null 
c. induces the maximum flux into the stator at null 
d. is zero at null 


The output of a discriminator is 
a. a.c. 
b. d.c. without an error signal 
c. zero with an error signal 
d. zero when the error signal is zero 


Referring to figure 7-14, the purpose of the capacitor 
in series with the servomotor's fixed field is to 

a. resonate the circuit 

b. limit fixed field current 

c. limit motor speed 

d. provide necessary field shift 


The error signal is the 
a. input to the controller shaft 
b. distance that the controller shaft has moved 
c. input to the servomotor 
d. difference between the servomechanism input 
and output 


Threetypes of motor drives thatare used extensively 
in positioning systems are the 

a. a-c, d-c, and shunt motor 

b. hydraulic, shunt, and induction motor 

c. a-c, d-c, and hydraulic motor 

d. shunt, induction, and shaded-pole motor 


Most servo amplifiers are divided into how many 
sections ? 

a. One 

b. Two 

c. Three 

d. Four 


The main difference between the servo system used 
in the capacitor-type fuel quantity system and that 
used in the searchlight system is: 

a. a potentiometer is used in place of a synchro 

for the followup signal 

b. the number of amplifier stages 

c. no difference exists between them 

d. arate generatoris used for the feedback signal 
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22. The magnetic amplifier in figure 7-7 


a. 
b. 


Cc. 


d. 


consists of two sets of single windings 
allows the primary winding to control the flux 


in the core 
has its secondary windings connected series- 


aiding 
can be considered as two transformers 
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CHAPTER 





INTRODUCTION TO TRANSISTORS 


The transistor is relatively new to the field of elec- 
tronics. During the past few years it has been a much 
talked about subject. Its development has been rapid, and 
it is already being used in many different fields of naval 
aviation. As an Aviation Electrician, you should be fa- 
miliar with transistors since they are being usedin some 
of the equipment that you are required to maintain. For 
example, they are replacing many of the electron tubes 
that are used in various types of amplifiers. As further 
developments are made, you can expect to find that 
transistors will be used more extensively. 

As compared to an electron tube, the transistor has a 
higher operating efficiency and is much smaller in size. 
One of its greatest advantages is thatno filament voltage 
is required; therefore, no filament power supply is needed. 
In the electron tube, over one-half of the power required 
to operate the tube is consumed in the filament power 
circuit. Since there is low power consumption in the 
transistor, there will be less heat radiation. This is 
advantageous since it allows transistorized equipment to 
be built more compact, thereby conserving critical air- 
craft space. Another advantage of thetransistor over the 
electron tube is its ability to operate instantly; no pre- 
heating period is required. Because of its solid-state 
construction, the transistor can withstand acceleration 
and deceleration forces many times the force of gravity. 
Transistors are extremely rugged and long lived and 


321 


require little maintenance as compared with electron 
tube equipment. 

Figure 8-1 shows, in actual size, some typical tran- 
sistors that are used inthefield. Note their size as com- 
pared to an electron tube. 





Figure 8-1.—Typical transistors. 


This chapter presents the fundamental theories of op- 
eration of transistors. It alsodescribes their properties 
and shows their application in some of the basic circuits 
of aircraft electrical equipment. 

In order for you to understand the information pre- 
sented in this chapter you must possess a knowledge of 
the basic theories of atomic structure. These are given 
in chapter 1 of Basic Electricity, NavPers 10086. 


SEMICONDUCTORS 


A semiconductor is a solid material thathas a greater 
amount of conductivity than an insulator and less conduc- 
tivity than a conductor. Some semiconductors are 
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compounds, such as copper oxide and Zinc oxide, while 
other semiconductors are elements, such as germanium 
and silicon. Silicon and germanium, when combined with 
certain impurities, are still classed as semiconductors. 
There are other materials that exhibit semiconductor 
properties, but since germanium and silicon are used 
extensively in the manufacture of transistors, the theory 
presented here will deal only with these two materials. 

Figure 8-2 shows the resistive relationships of vari- 
ous insulators, semiconductors, and conductors. Note 
the resistive relationships between intrinsic silicon (pure 
silicon), intrinsic germanium (pure germanium), tran- 
sistor germanium, and impure germanium. 
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Figure 8-2.—Resistivity chart of common conductors, semiconductors, 
and insulators at 68° F. 


ATOMIC STRUCTURE OF GERMANIUM AND SILI- 
CON. -An atom of germanium has 32 electrons distributed 
in 4 rings about its nucleus while the atom of silicon has 
14electrons distributed in 3 rings about its nucleus. (See 
fig: 8-3.) Theinner rings of these elements (1st, 2nd, and 
3rd rings of germanium and lst and 2nd rings of silicon) 
are said to be complete and will not accept any more 
electrons. Electrons may be removed from the rings, 
but considerable energy would be needed todoso. This 
leaves only the outer electron ring of the atoms to be 
considered. 

The outer ring of any atom determines the electrical 
and chemical characteristics of that atom. The core 
(inner rings and nucleus) of the atom is considered to be 
completely inactive. The electrons in the outer ring of 
an atom are called valence electrons. To classify ele- 
ments according to their electrical and chemical 
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(A) (B) 


Figure 8-3.—Plan view of (A) the germanium atom and(B) the silicon atom. 


characteristics, they are placed into categories. One of 
these categories classifies the elements according to the 
number of valence electrons present in their atoms. The 
atoms of germanium and silicon are classified as tetra- 
valent because they each have four valence electrons. 

When one or more electrons are removed from an 
atom or added to an atom, the atom is no longer elec- 
trically neutral in charge. A neutral atom of silicon, for 
example, has 14 protons in its nucleus and 14 electrons 
in its rings. If this silicon atom loses one of its valence 
electrons, it becomes a positive ion with a net charge of 
+1 (14 protons and 13 electrons). However, should the 
silicon atom take on an electron, it will become a nega- 
tive ion with a net charge of -1 (14 protons and 15 elec- 
trons). (NOTE: The adding of electrons to electrically 
neutral atoms is usually confined to chemical activity.) 

An application of energy is necessary to remove an 
electron from an atom. The forms of energy commonly 
used in electronics are: (1) electric fields (e.m.f. that 
causes electron flow in a conductor), (2) heat (cathode of 
a vacuum tube), (3) light (photoelectric cell), and (4) 
bombardment by other particles (thyratron operation). 
The amount of energy needed to move an electron from 
the atoms of different elements varies withthe elements. 
For example, more energy is needed to remove an elec- 
tron from the silicon atom than is needed to remove an 
electron from the germanium atom. 
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CRYSTAL STRUCTURE OF GERMANIUM AND SILI- 
CON.—TIn their pure solid state, intrinsic germanium and 
silicon are crystals in the shape of cubes. Each of the 
four valence electrons of an atom form bonds with an 
electron from one of the four nearest atoms. These 
bonds of paired electrons, called covalent bonds, provide 
the force that binds the atoms together toform the crystal 
structure. Any crystal is a regular array of atoms; and 
in the case of germanium and silicon, this regular array 
of atoms forms a tetrahedral crystal. Figure 8-4 shows 
a three-dimensional crystal structure of germanium and 
silicon. The rods connecting the atoms represent the 
covalent bonds between the atoms. 
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Figure 8-4.—Tetrahedral crystal structure of germanium and silicon. 


The tetrahedral structure of figure 8-4 is redrawn in 
a two-dimensional form (plan view) in figure 8-5. Fig- 
ure 8-5 (A) shows the germanium crystal and figure 8-5 
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(B) shows the silicon crystal. Note that all atoms are 
equidistant from each other and that between the cores 
of any two atoms there are two valence electrons. 

In the crystal structure of intrinsic germanium and 
silicon, the forces of attraction and repulsion between 
atoms and electrons balance each other. Due to thermal 
agitation at ordinary room temperatures (68° F.), some 
electrons gain sufficient energy to break their covalent 
bonds and become free. These free electrons will allow 
some conduction (current flow) when an e.m.f. is im- 
pressed across the crystal. 


Hole and Electron Flow 


When an electron breaks away from its covalent bond 
and becomes free, it leaves an empty space called ahole. 
If a nearby electron becomes free from its covalent bond 
by thermal agitation, it will jump into this waiting hole. 
(NOTE: This is because electrons in a crystal structure 
always seek to arrange themselves in covalent pairs.) 
The hole this electron filled is not destroyed but has 
merely moved to the point that the electron left. In effect 
then, the hole, which acts as a positive charge, has moved 
and will keep on moving as long as an adjacent covalent 
electron is freed. The action of this hole is the same as 
the free electron in that it moves about in an irregular 
manner. In a crystal there are many such negative elec- 
tron and positive hole combinations taking place at one 
time. At the same time, the energy (whether light, heat, 
or an electric field) being supplied to the crystal will 
constantly be breaking other bonds. Eventually there will 
be as many covalent bonds being broken as there are 
being reformed. é 

If the energy supplied to a crystal of a semiconductor 
is an electric field developed by the application of an 
e.m.f. across this crystal, the random movement of the 
electrons and the holes will be less, and they will be 
directed along the lines determined by the e.m.f. The 
electrons will move toward the positive terminal while 
the holes will drift toward the negative terminal. The 
action of the hole and electron flow is additive and repre- 
sents the total current flow through the crystal. 
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The hole andelectron flow theory presented here deals 
with intrinsic germanium and silicon. Innormal temper- 
ature these materials have very few electrons and holes. 
Large numbers of electrons and holes are needed to ob- 
tain transistor action. These are obtained by adding 
impurities to the semiconductor material. The amount 
of impurities added to the semiconductor materials are 
carefully controlled. 

There are two types of materials produced by the 
_addition of impurities to silicon or germanium. These 
materials are known as N-type and P-type semiconductors. 


N-Type Semiconductor Material 


If an impurity such as arsenic is mixed with germanium 
or silicon, many free electrons will be produced. This is 
because the atom of arsenic is pentavalent (has five 
valence electrons); and when introduced into germanium 
or silicon in very small amounts (one part in one million), 
displaces some atoms of germanium or silicon and forms 
four covalent bonds by using four of its valence electrons. 
(See fig. 8-6 (A).) The extra electron has no adjacent 
electron with which to form a covalent bond; thus it is 
free to move within the crystal. A semiconductor with 
excess electrons, such as germanium with arsenic, is 
called an W-type semiconductor material because its 
current carriers are electrons. The impurities that 
produce many free electrons in germanium or silicon are 
called donors. Some other impurities that can be used 
as donors are phosphorus and antimony. 


P-Type Semiconductor Material 


By adding impurities that have three valence electrons 
(trivalent) instead of five, a semiconductor will be pro- 
duced that has an excess of holes. Boron, gallium, and 
indium are examples of such substances used as impuri- 
ties. Each trivalent impurity atom will replace a ger- 
manium or silicon atom in the crystal structure. (See 
fig. 8-6 (B).) There is now a deficiency of one electron; 
and in order to complete the four covalent bonds, the 
trivalent atom attracts an electron from a nearby ger- 
manium or silicon bond. This results in ahole being left 
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Figure 8-6.—(A) Germanium with a donor atom; (B) germanium with an 
acceptor atom. 
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in the adjacent covalent bond. When a verysmall amount 
(one part in one million) of trivalent impurities, called 
acceptors, are added to intrinsic germanium or silicon 
a series of holes are produced and the material is called 
a P-type semiconductor. 

When an e.m.f. is applied across a P-type semicon- 
ductor crystal, the holes move toward the negative poten- 


tial or terminal. This is brought about bya hole attract- - 


ing an electron from a nearby covalent bond. When this 
electron leaves a covalent bond, the bond is broken leav- 
ing ahole. In effect then, the hole has moved from one 
position to another. This movement or drift of the hole 


continues on through the material and towards the nega- | 


tive field or potential. 
As the holes reach the negative terminal, they are 
filled in by electrons flowing from this terminal. At the 


positive terminal an equal number of holes is created by : 


electrons being pulled into the positive terminal. The | 


crystal is now conducting current, and this current is 


a 


considered to be a flow of holes from the positive to the : 


negative terminal. 


In the following explanations of semiconductor diodes - 
and transistors, only the germanium types will be dis- — 
cussed. (NOTE: Silicon types of diodes and transistors © 
could just as well be used in this discussion since the _ 
same theories of operation pertain to both germanium | 


and silicon materials.) 


Semiconductor Diodes 


PN JUNCTIONS. —When N-type germanium and P -type | 
germanium are combined, as shown in figure 8-7, a ger- — 
manium junction diode is formed. To combine A-type to 
P-type germanium does not mean that two materials are | 
mechanically fitted together. To make a satisfactory — 
junction, asingle crystal must be formed with both P-type ~ 
and N-type characteristics. There are two methods of | 
combining the two types of material; these are known as 


the fused junction and the grown junction methods. 


A grown junction (fig. 8-7 (A)) is formed by growing 
a single crystal from a melt. At the start the melt con- 
tains donor impurities and N-type material is formed. In ° 
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the middle of this forming process, acceptor impurities 
. are added to form the P-type portion of the crystal. 

_ The fused junction diode (fig. 8-7 (B)) is formed by 
' placing a small amount of indium on a slab of V-type ger- 
.manium. This combination is then heated to a specific 
_ temperature for a certain amount of time so that the 
. indium fuses to the germanium. This fusion produces a 
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(A) (B) 
Figure 8-7.-Junction diodes: (A) Grown; (B) fused. 





| P-type area of germanium in the slab immediately below 
the indium dot. 
OPERATION OF PN JUNCTION DIODE.—When there 
- is no voltage applied to the PV junction diode, there is a 
: deficiency of electrons and holes at the junction of the 
_ P-type and -type material. This is because the electrons 
- and holes in this junction area have combined. It might 
seem that the combining of holes and electrons would 
continue until there were nolonger any holes or electrons 
left. However, this is not thecase. After the initial com- 
bining of holes and electrons at the junction, a potential 
barrier is produced. Figure 8-8 illustrates the forma- 
tion of the barrier. 
| After the combining of the holes and electrons (fig. 
-8-8 (A)), positive and negative ions will be uncovered 
(fig. 8-8 (B)). An electrical field is set up at the junction 
of the P and N material because of these ions. (NOTE: 
To better understand how the positive and negative ions 
are produced refer to figure 8-6. In the (A) portion of 
‘this figure a donor atom of arsenic is changed into a 
positive ion when the free electron is moved away from 
this area. Likewise, in part (B) the acceptor atom of 
indium is changed to a negative ion when the hole is 
moved away from this area.) The positive ions at the 
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Figure 8-8.—PN junction formation of barrier by ions. 


barrier will repel the holes in the P material, while the 
negative ions will repel the electrons in the V material. 
It may be noted here that the actual barrier developed is 
only a few centimeters thick. This thickness determines 
the barrier level or barrier potential. 

In order to produce a flow of current across the bar- 
rier, the barrier's electrical field or potential must be 
neutralized. This can be done by applying an external 
potential across the ends of the PV diode. (See fig. 8-9 
(A).) The negative terminal of the battery is connected 
to the ¥ side of the diode while the positive terminal is 
connected tothe P side. This particular connection tothe 
diode is called the forward bias connection. The free 
electrons in the \ section are repelled by the applied 
negative field and they will move toward the PN junction. 
At the same time, the holes in the P section are repelled 
from the positive field, forcing them toward the junction. 
If this applied potential is large enough, it will overcome 
the barrier potential and enable the holes and electrons 
to move to the opposite sides of the barrier. As the bar- 
rier crossing is made, the electrons and holes will com- 
bine, allowing current to flow through the PW diode. 
(NOTE: New holes are produced at the positive terminal 
by electron removal and at the same time electrons are 
introduced into the ¥ material from the negative terminal.) 
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Figure 8-9.—Forward bias and reverse bias applied to the PN 
junction. 


In the preceding explanation the PV junction diode was 
_ biased in the forward or low resistance direction. When 
* the polarity of the applied voltage is reversed, the diode 


. will be biased in the high resistance direction or it will 


aie. “Mat - 


have what is called reverse bias applied to it. (See fig. 
8-9 (B).) This reverse bias actually increases the po- 


, tential barrier that is present at the PV junction. The 


' positive terminal that is connected to the side of the 
. diode will attract the electrons (current carriers) in the 
. Nmaterial. Likewise, the negative terminal will attract 
. the holes in the P material. Due to these conditions, 
- holes and electrons cannot combine with each other, 


WR. a: 


resulting in only a minute amount of current flowing in 


. the diode. This small amount of current is caused by 
. currentcarriers called minority carriers. These minor- 
. ity carriers are electrons and holes, resulting mainly 


. from thermal agitation, and are located on the wrong side 


. of the junction; that is, holes are located in the W mate- 
. Tial and electrons are located in the P material. Due to 
. the locations of these minority current carriers, they are 
. hot in opposition to the applied potential and will there- 
. fore move across the junction, causing some current flow. 


POINT -CONTACT DIODES. —Figure 8-10 (A) shows a 


, Cutaway view of a point-contact diode. The theory of op- 


- eration of the point-contact diode is the same as the 


‘ theory of operation of the PV junction diode. The differ- 
: ence between the two diodes is their physical construc- 
y + tion and use. 
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Figure 8-10.—(A) Cutaway view of apoint-contact diode; (B) point-contoct  . 
diode showing P-type area in the N material. 


The construction of the point-contact diode usually - 
begins with a small square of V-type germanium witha - 
phosphor-bronze or beryllium-copper ''cat whisker" - 
pressed against the center of one side of the crystal. A - 
metal plate is connected to the other side of the crystal - 
face. This plate provides electrical contact to the W side : 
of the crystal. 

The actual diode is formed by passing a large amount . 
of current from the "cat whisker" to the V-type germa- - 
nium slab. The resultof this current flow is that a small 
area of P-type germanium is formed in the region sur- 
rounding the contact area of the ''cat whisker" (fig. 8-10 - 
(B)). The point-contact diode now consists of both P-type . 
and N-type germanium. 

SEMICONDUCTOR DIODE APPLICATIONS.—Semi- . 
conductor diodes are being used to do many jobs in the | 
field of electronics that were previously done by other . 
types of rectifiers. Junction diodes of silicon and germa- 
nium may be used in high power applications (hundreds . 
of amperes) as well as low power applications (milli- 
amperes). Point-contact diodes are usually used as low 
power rectifiers, detectors, mixers, clampers, clippers, 
and so forth. Both junction and point-contact diodes are 
very efficient and compact as compared toother types of | 
rectifiers. . 

Figure 8-11 (A) shows the symbol used for semicon- 
ductor diodes. Electron and current flow is against the . 
arrow. (NOTE: There are two theories on electron and : 
current flow. One is that current flows in the opposite - 
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Figure 8-11.-(A) Symbol for semiconductor diodes; (B), (C), (D), and 
(E) typical diodes, actual size. 





(E) 


direction of electron flow. The other theory and the one 
accepted by the Navy is that electron flow and current 
flow are in the same direction.) In the symbol used for 
semiconductor diodes, electron flow is against the arrow; 
therefore, it must be accepted that current flows in this 
same direction. 

Comparing the semiconductor diode to a vacuum-tube 
diode, the straight bar of the symbol is considered the 
cathode( material), while the arrow represents the plate 
( Pmaterial). 

Figure 8-11 (B), (C), (D), and (E) shows some typical 
semiconductor diodes; these are shown in actual size. 
These drawings alsoshow different methods that are used 
to identify the cathode connection. In (B) and (C) of fig- 
ure 8-11 the end marking band is nearest the cathode end, 
while in (D) and (E) the cathode is indicated by the semi- 
conductor symbol. 

Care and installation of semiconductor diodes is dis- 
cussed in chapter 14 of this training course. 


TRANSISTOR THEORY 


At present, there are many different types of tran- 
sistors in use andmany other types in the developmental 
stage. Some of the transistors that are in use are the 
point contact, junction, drift, tetrode, field effect, hook, 
point junction, fieldistor, and surface barrier. Each has 
its own unique characteristics, advantages, and areas of 
application. 
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CONNECTION A 





Figure 8-12.-(A) NPN transistor, grown-junction type; (B) symbol for 
NPN transistor. 


Since the junction transistor (PNP and NPN) is the most 
commonly used, its theory of operation will be thoroughly 
discussed. 

There are two basic types of junction transistors, the 
NPN and PNP. Since there is a difference in direction of 
current flow and required voltage polarity in these two 
types of junctions, they will be discussed separately. 

NPN JUNCTION TRANSISTOR.—The Pw junction 
transistor (fig. 8-12) is actually a PN junction with another 
section of V-type material formed to the P section of the 
junction. As in the construction of PN diodes, there are 
two main methods used in forming the junction transistors, 
the grown junction (usually NPN) and the fused junction 
(usually PNP). 

The junction transistor is composed of three sections, 
the emitter, the base, and the collector. (See fig. 8-12.) 
The emitter emits current carriers into the base region 
of the transistor; the collector collects most of these cur- 
rent carriers from the base region. The base is a com- 
mon point for biasing the collector and emitter. In the 
NPN transistor the emitter and collector are made of N- 
type material and the base is made of P-type material. 

The forward bias is applied between the base and 
emitter (negative polarity connected to the emitter and 
positive polarity to the base). As will be seen later, this 
emitter bias will control the amount of current through 
the transistor. Figure 8-13 (A) shows the NPN transistor 
with only emitter bias connected to it. Notice that the 
direction of current flow (I .Jis the same as in the 
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(A) EMITTER BASE BIAS (B) COLLECTOR BASE BIAS 





(C) TOTAL BIAS 


Figure 8-13.—Bias applications to an NPN transistor. 


PN - junction diode with forward bias. The electrons inthe 
N material and the holes in the P material will combine 
at the junction to cause current to flow from the negative 
potential to the positive potential of the bias supply. 
Reverse bias is applied between the base and collector 
(negative polarity connected to the base and positive 
polarity connected to the collector). Figure 8-13 (B) 
illustrates the reverse bias connection to the WPW tran- 
sistor. Under this condition with only reverse bias applied, 
the collector current (I.)will be zero. There is, how- 
ever, a current flow called I, flowing in the collector 
circuit. As in the PN junction with reverse bias, this 
current is caused by minority carriers.1., designates 
collector current when there is NO emitter current. 
Figure 8-13 (C) shows both biases connected. Most 
of the emitter current (I) flows through the base to the 
collector material. This current flows in the collector 
and becomes collector current (I). The current (elec- 
trons) flows through the base because of two reasons. 
First, the base is very thin (0.001 inch); and second, the 
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positive attracting force of thecollector potential impels 
the electrons through the base. 

In figure 8-13 (C) it can be seen that the emitter and 
collector bias batteries are connected in series-aiding 
so that the circuit for electron flow from the emitter 
through the base and to the collector is complete. Prob- 
ably nomore than 5percent of the emitter electrons com- 
bine with the holes in the base. The remaining emitter 
electron flow (95 percent) passes through the base into 
the collector material. 

The number of electrons leaving the emitter depends 
entirely on the emitter base bias. This currentis varied 
by changing the emitter bias voltage. Since the base cur- 
rent is very small, a change in emitter bias will havea 
far greater effect on the emitter-collector current than 
on the base current. (NOTE: The collector can be com- 
pared to the plate of an electron tube, the emitter can be 
compared to the cathode, and the base compared to the 
grid.) 

The transistor's ability to amplify lies inthe fact that 
there is a difference in the emitter-to-base resistance 
(r,+r,) andcollector-to-base resistance (r.+r,). The 
emitter resistance is very low (500 ohms), because it is 
biased in the forward or low resistance direction. The 
collector resistance is extremely high (500,000 ohms), 
because it is biased in the high resistance or reverse 
direction. 

Since collector current is 95 percent of emitter cur- 
rent, this gives the junction transistor a current gain of 
0.95. (NOTE: Current gain is designated alpha and is 
figured by dividing collector current (I) by emitter cur- 
rent(I,).) Using the current gain and the emitter and 
collector resistances, the approximate voltage and power 
gains of the junction transistor can be shown. If alpha 
(a) = 0.95, r,+ r, = 500 ohms, and r, +r, = 500,000 
ohms then 


re +r 


Voltage gain = a x Te tTh 


Voltage gain = 0.95 ees 


Voltage gain = 0.95 x 1,000 
Voltage gain = 950 
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Using the above values of alpha, emitter base resistance, 
collector base resistance, and the power formula P =I R, 
the power gain can be shown. 


Power out 
Power gain = Power in 


re +? 
Power gain = a2 x oe 


Power gain = 0.952 x ae ohms 


Power gain = 0.9025 x 1,000 
Power gain = 902.5 


Although the junction transistor can never havea cur- 
rent gain greater than one, the above examples show that 
the transistor is capable of producing voltage and power 
gains. The reason these gains are obtainable is because 
of the high collector resistance and the low emitter 
resistance. 

Figure 8-14 shows an "PN transistor connected as an 
amplifier. An a-c signal source is connected in series 
with the base bias(B,) and the emitter; a load resistor 

(R, is connected in series with the collector bias (B42) 
and the collector. 

With zero applied signal, the emitter and collector 
currents are dependent on the emitter base bias. If the 
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Figure 8-14.—NPN transistor connected as an amplifier. 
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applied signal goes negative, it increases the forward 
bias which increases emitter current. This increase in 
emitter current causes an increase in collector current 
which, in turn, causes a greater drop across R,;. When 
the signal at the emitter goes positive, the emitter base 
bias decreases, causing a decrease in emitter current, 
a decrease in collector current, and therefore a decrease 
in the voltage drop across R,;. In figure 8-14, signal 
amplification is obtained, but there is no signal phase 
shift or inversion between input and output. Later it will 
be seen that there are other methods of connecting a 
transistor in which there will be a signal phase shift (or 
inversion). 


Since transistors are an entirely new approach toa 
means of amplification, with many new features and 
characteristics, it may cause some confusion to the 
technician who tries to compare the transistor with the 
vacuum tube point by point. A better understanding will 
result if you learn the operation of transistors by using 
only the terms and ideas that are common to transistors. 

PNP JUNCTION TRANSISTOR.—The PWP transistor 
uses P-type material for the emitter and collector and 
N-type material for the base. Most PNP transistors are 
of the fused junction type. 





ue MGe GERMANIUM EMITTER BASE COLLECTOR 
P-TYPE INDIUM 
AREAS 
+ 
Ri 
EMITTER 7 : 
\, [>BASE |-7 '  (B) 2 


COLLECTOR 
(A) YY) (c) 


Figure 8-15.-(A) PNP junction transistor, fused junction, (B) bias 


connections to the PNP junction transistor’ (C) symbol for PNP 
transistor, 
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As in the VPN transistor, forward bias is applied be- 
tween the base and emitter and reverse bias applied be- 
tween the base and collector (fig. 8-15 (B)). Since the 
emitter, base, and collector are made of opposite type 
materials to that used in the NPN transistor, the bias 
polarities are reversed. With the emitter and collector 
made of P-type material, the current carriers in the 
transistor will be holes. As in the PN junction diode, the 
current flow in the connecting wires consists of electrons. 

The operation of the PVP transistor is the same as the 
NPN except the current flow is in the opposite direction. 
For example,in figure 8-15 (B) if a positive-going signal 
is applied to the emitter, it will add to the forward bias 
(B,), causing an increase inI,. This will increase hole 
flow to the collector, causing an increase in I.and an 
increased voltage drop across Rk, . (NOTE: I, is normally 
referred to as negative current in the PNP" transistor. 
The reason for this is todistinguish between NPN collector 
current and pPNPcollector current.) If the signal applied 
to the emitter is negative going, it will subtract from the 
emitter bias (8,) and cause a decrease in emitter hole 
flow. Therefore, this will cause a decrease in I.anda 
decrease in the voltage drop across R,. 

POINT-CONTACT TRANSISTOR.—The point-contact 
transistor is verysimilar tothe junction transistor. The 
point contact was the first transistor developed; it is 
being replaced by the junction transistor. Most of the 
theory presented on the junction transistor will apply to 
the point contact. 

The construction of a point-contact transistor is shown 
in figure 8-16 (A). In this transistor the emitter and 
collector connections are made through the pointed ends 
ofvery small electrodes. The points of these electrodes, 
which are spaced only a few thousandaths of an inch apart, 
are connected to the base material. The base material 
may be either P-type or A-type germanium crystal. 
(NOTE: -type material is the only material used to 
construct point-contact transistors that are used com- 
mercially.) 

The P-type area for the emitter and collector is formed 
by passinga controlled amount of current from the emitter 
and collector wires to the base. The area formed in the 
N-type material by this method is very small. With an 
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GERMANIUM 
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CAT WHISKERS 


CONNECTION 

a COLLECTOR 

EMITTER CONNECTION 
CONNECTION 


Figure 8-16.-(A) Point-contoct transistor; (B) point-contact transistor 
with bias voltages applied. 


emitter of P-type material,a base of V-type material, and 
a collector of P-type material, a transistor is produced 
whose theory of operation is similar to the theory used 
in the explanation of the junction transistor. 

Referring to figure 8-16 (B), it can be seen that the 
bias voltages are connected to the point-contact transistor 
with the same polarities used in the connection of the PNP 
junction type; that is, forward bias from emitter to base 
and reverse bias from collector to base. With both of 
these biases applied there will be hole flow from the 
emitter through the base area into the P area of the col- 
lector (same as in the PNP transistor). Here the resem- 
blance of operation between this point-contact transistor 
and the PNP junction transistor ends. In the junction 
transistor the collector current (Z.) would now be about 
95 percent of the emitter current (I .), but the collector 
current in this point-contact transistor measures any- 
where from 2 to 3 times the emitter current. Thus, the 
point-contact transistorhasan a(current gain) of around 
2 to 3. 

There is some doubt as to why the collector current 
is so much greater than emitter current. The theory 
presented on this point is very vague. It is generally 
believed that this additional currentis caused by the mov- 
ing holes forming a positive space charge in the base-to- 
collector area. The result of this space charge is to 
attract other electrons from the relatively large base 
area N-type material) and cause them to flow in the 
collector-to-base circuit. When this collector-to-base 
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current is added to the normal collector current, the 
result is a total collector current (I .) of 2 te 3 times 
more than emitter current (I). 


A typical voltage gain of a point-contact transistor 
can be shown by the same method used to figure the 
typical junction transistor's gain. In a typical point- 
contact type the emitter-to-base resistance (r.+ rpJis 
around 250 ohms and the collector resistance (r,+ r,) 
is around 25,000 ohms. Using these resistance values 
and an average alpha (a) of 2.5 


7 rc + rb (resistance of collector 
Voltage gain= ax — oy rb resistance of emitter) 
25,000 chms 


Voltage gain = 2.5 x 350 ohms 


Voltage gain = 2.5 x 100 
Voltage gain = 250 


Comparing this gain with the gain of ajunction transistor 
(950), it can be seen that the junction transistor has con- 
siderably more gain. The reason for this is because of 
the highcollector resistance (r,Jof the junction transis- 
tor, which gives it a higher resistance gain. 


The point-contact transistor also has power gain. As 
in the junction transistor, this can be proven by using 
Ohm's law (P =I?R). 


Power out 
Power gain = "Bower in_ 


2 x Te + Tp 
TetTlb 





Power gain =a 


25,000 ohms 
250 ohms 


Power gain = 2.5? x 
Power gain = 6.25 x 80 
Power gain = 625 
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(NOTE: The formulas that have been used give only 
approximate gains; they have been used for the purpose 
of explaining the operation of the junction and the point- 
contact transistor.) 


Comparison of Point-Contact and 
Junction Transistors 


FREQUENCY RESPONSE.—One of the factors that 
controls the frequency limits of a transistor is the time 
required for a signal to flow from the emitter to the 
collector terminals. This means that the frequency of 
the applied signal cannot beso great that it will not allow 
the carriers (holes or electrons) to carry these changes 
from the emitter tothe collector before changing polarity. 
This conditionis similar tothatin anelectron tube where 
the transit time is too long. (Transit time is the time 
required for an electron to travel from cathode to plate.) 

Since electrons move almost twice as fast as holes, it 
can be expected that transistors with electrons as cur- 
rent carriers will respond best to high frequencies. The 
frequency response of NPN transistors is almost twice 
that of PNP transistors. 

The transistor's high-frequency response is also af- 
fected by the capacitance of the junctions of the transistor. 
This characteristic is being improved by manufacturers 
who are developing newer and better techniques in the 
production of transistors. 

Basically, the point-contact transistor has a some- 
what higher frequency response than the junction type 
because distances that signals have to travel from emitter 
to collector are very small. In the last few years, how- 
ever, junction transistors have been manufactured with 
frequency responses exceeding that of the point-contact 
type. 

POWER DISSIPATION. —Junction transistors,as com- 
pared to point-contact transistors, may be produced so 
that they can handle much larger amounts of power than 
point-contact transistors. This is true because of the 
large contact area of the collector electrode of the junc- 
tion transistor, which allows it to readily dissipate heat. 
In a point-contact transistor, the contact area between 
the collector and its ''cat whisker" wire is very small. 
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There is a rapid rise in temperature because of this 
feature. Should the collector section become too hot, its 
internal resistance will decrease. The decrease in re- 
sistance will increase the collector bias current. 

Junction power amplifiers have been produced that 
will handle hundreds of watts of power. Point-contact 
transistors are limited to handling power outputs of 
somewhat less than one watt. 

NOISE.—From the standpoint of noise, the junction 
transistor is far superior tothe point-contact transistor. 
It should be noted that as new transistors are being 
developed, the noise figures for both types of transistors 
are improving steadily. 


Basic Transistor Amplifier Circuits 


Transistor amplifiers are divided into three classifi- 
cations (as are vacuum-tube amplifiers). These are the 
grounded-base amplifier, the grounded-collector ampli- 
fier, and the grounded-emitter amplifier. (NOTE: The 
word ground, in nearly all its applications in electronics, 
should be considered in the general sense as being a 
reference point common to one or more circuits.) The 
terms common base, common emitter, and common col- 
lector are also widely used in identifying a particular 
type amplifier. Each of these will be discussed. 

GROUNDED-BASE AMPLIFIERS.—Figure 8-17 (A) 
shows a grounded-base transistor amplifier; figure 8-17 
(B) shows the equivalent vacuum-type amplifier. 


EMITTER COLLECTOR 





Figure 8-17.—(A) Grounded-base transistor amplifier; (B) grounded-grid 
vacuum-tube amplifier. 
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The grid of the vacuum tube is equivalent to the base 
of the transistor. If a positive-going signal is fed to the 
cathode of the tube, the output signal of the plate will 
possess the same polarity; that is, there will be no phase 
shift through the tube. The same thing is true in a 
grounded-base transistor amplifier. If the input signal 
across the emitter and base is positive, it will counteract 
some of the normal forward bias. This, in turn, will 
decrease the current flow from the emitter tothe collector, 
causing the voltage drop across R, to decrease. This 
decrease causes the collector potential to become more 
positive. Thus, a positive-going signal on the emitter 
produces a positive-going output signal. 

When the emitter input swings negative, the emitter 
bias will be increased more negatively than normal, 
causing an increase in current flow through the transistor, 
thus resulting in an increased voltage drop across Rp. 
This will make the collector potential more negative, and 
again the output polarity is the same as the input. 

More power and voltage gains may be obtained from 
the grounded-base connection by using a junction tran- 
sistor rather than a point contact. The gains obtained by 
using the junction transistor are around four times as 
great as may be obtained with the point contact. 

The point-contact transistor is unstable in most cir- 
cuit arrangements. This instability causes oscillations 
and erratic behavior. The grounded-base arrangement 


is most frequently used in point-contact transistors since . 


it reduces the instability. 

Grounded base type junction-transistor amplifiers 
are desirable from the standpoint of stability. However, 
better power gaincanbe obtained with agrounded-emitter 
type. 

GROUNDED-EMITTER AMPLIFIER.—The mostcom- 
mon arrangement for transistors that areused as ampli- 
fiers is the grounded emitter. In this arrangement the 
input signal is fed to the base and the output signal is 
taken from the collector. (See fig. 8-18 (A).) Figure 8- 
18 (B) shows anequivalent vacuum-tube amplifier. When 
a positive-going signal appears at the emitter, the emitter 
and base bias will increase, causing an increase of cur- 
rent flow through the transistor. Since the collector cur- 
rent has increased, the voltage drop across F, will also 
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(A) (B) 


Figure 8-18.-(A) Grounded-emitter amplifier; (B) grounded-cathode 


amplifier. 


increase, causing the collector voltage to be more nega- 
tive. It can then be seen that in a grounded-emitter 
amplifier there is a phase shift through the transistor, 
just as there is in a vacuum-tube grounded-cathode 
amplifier. 

When the input signal of the transistor swings negative, 
it tends to reduce the bias potential between the emitter 
and base. This causes a decrease in current flow through 
the transistor, causing the collector current to decrease 
and a decreased voltage drop across R2. Since the volt- 
age drop across RF, has decreased, then the upper part of 
R, will be a more positive voltage. This action is true 
for both junction and point-contact transistors. The 
grounded-emitter arrangement is seldom used in point- 
contact transistor amplifiers because it produces a cir- 
cuit thatis inherently unstable; however, this arrangement 
is used in oscillator circuits that employ the point-contact 
transistor. 

GROUNDED-COLLECTOR AMPLIFIER.—The 
grounded collector is the third arrangement and is shown 
in figure 8-19 (A); figure 8-19 (B) shows the equivalent 
vacuum-tube circuit. 

The grounded-plate vacuum-tube amplifier is known 
as the cathode follower. The gainof the cathode follower 
is always lessthan one. This is also true in a grounded- 
collector arrangement sinceits gainis alsoless than one. 

As in the cathode follower, there is also no phase 
reversal of the signal between input and output of the 
grounded collector. A useful characteristic of the 
grounded-collector circuitis its ability to conduct signals 
in either direction. Itmay be usedas atwo-way amplifier. 
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(A) (B) 


Figure 8-19.—(A) Grounded-collector transistor amplifier; (B) grounded- 
plate vacuum-tube amplifier. 


CASCADED AMPLIFIERS.—Transistor amplifiers 
seldom use only one transistor. It is more common to 
find them connected (cascaded) in groups of two, three, 
or more stages. 

Because of higher input and output impedances, vac- 
uum tubes are easily connected in cascade. This is NOT 
true so far as transistors are concerned, because the 
input impedance is small compared to the output imped- 
ance. If the output of one transistor stage is connected 
directly tothe input of another, there will be considerable 
loss in gain. Because of this mismatch between input 
and output impedances, more stages would be needed in 
order to obtain a given gain. 


Special miniature transformers (stepdown transform- 
ers) have been the solution to this problem, but they do 
not have frequency response obtainable from R-C net- 
works. Either the stepdown transformer or the R-C 
network may be used, depending on the application and 
the response desired. 


As an Aviation Electrician you may be required to 
service transistorized equipment. New equipment that 
is being used in the fleet today contains transistorized 
circuits. As newer equipment is developed, more tran- 
sistors will beused. A good understanding of basic tran- 
sistor theory will aid you in maintaining these transistor- 
ized equipments. Transistors are now being used as 
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amplifiers in some fuel quantity systems and some auto- 
pilots. In the near future you can expect to find transis- 
tors being used as oscillators and phase inverters in 
some of your equipment. The special problems involved 
in maintaining and troubleshooting transistorized equip- 
ment is discussed in chapter 14 of this training course. 


QUIZ 


1. As compared to junction transistors, point-contact 
transistors have a 
a. higher power output 
b. lower voltage gain 
c. lower noise level 
d. larger collector contact area 
2. The number of electrons entering into a_ single 
covalent bond in the crystal structure of germanium 
is 


annoy 
mm» WN 


3. Current will flow through intrinsic germanium at 
room temperature due to 
a. thermal agitation 
b. skin effect. 
c. covalent bonds 
d. low resistance paths in crystals 
4. P-type germanium is formed by adding 
a. electrons 
b. donor impurity 
c. trivalent impurity 
d. arsenic 
5. The barrier potential is determined by the 
a. current flow 
b. bias connection 
c. thickness of the barrier layer 
d. amount of impurities 
6. Referto figure 8-17. In the grounded-base amplifier 
when the emitter input swings negative, the 
emitter bias is reduced 
collector current decreases 
voltage across R, decreases 
collector potential swings negative 


aaa ew 
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10. 


Li. 


12. 


13: 


To neutralize the barrier potential of a PN- junction 
diode, a battery should be connected to deliver 
a. forward bias 
b. intrinsic ions 
c. reverse bias 
d. only covalent electrons 
Point-contact diodes are usually used 
for low power applications 
as voltage amplifiers 
with very high current flows 
as power amplifiers 


ano» 


Germanium possesses four valence electrons; there- 
fore it is classified as 


a. trivalent 
b. pentavalent 
c. tetravalent 
d. bivalent 
APN junction can be formed by 
a. fitting P-type and N-type crystals together 
b. the addition of holes to P-type germanium 
c. the addition of electrons to N-type silicon 
d. forminga single crystal with both P- and V-type 


characteristics 


Refer tofigure 8-14. Should 10 percent of the emitter 
electrons combine with the holesin the baseand with 
the emitter-base resistance at 500 ohms and 
collector-base resistance at 500,000 ohms, the volt- 
age gain would be 


a. 1,000 
b. 9,000 
c. 950 
d. 900 


Using the same values as in question 11, the power 
gain would be 


a. 900 
b. 810 
c. 902.5 
d. 8,100 


Refer to figure 8-19. This circuit is comparable to 
the vacuum tube cathode follower because it 
employes a 180° phase reversal 

has a gain of less than one 

has a constant emitter voltage 

requires no emitter bias 


aoe 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


If an e.m.f. is impressed across a crystal of ger- 
manium, the electrons will 

a. move to the negative side 

b. move randomly 

c. not move 

d. move to the positive side 


N-type germanium has a/an 
a. acceptor impurity’ 
b. donor impurity 
c. deficiency of electrons 
d. excess of holes 


Refer to figure 8-18. This circuit is seldom used in 
point-contact transistors because it 
a. employs no phase shift 
b. produces an unstable circuit 
c. has a very low current gain 
d. has a gain of less than one 
The transistor's ability to amplify lies in the fact 
that there is a difference in the 
a. direction of electron and hole motion 
b. emission, giving a current gain greater than 
one 
c. voltage and current gains 
d. low emitter-to-base resistance and high 
coilector-to-base resistance 
Refer to figure 8-14. If the applied signal goes nega- 
tive, the 
a. emitter current increases 
b. drop.across R, decreases 
c. emitter-to-base resistance increases 
d. forward bias decreases 
The potential barrierin a PN aanetionie formed when 
a. no e.m.f. is applied 
b. the connection is forward bias 
c. current flows 
d. the connection is reverse bias 
Electrons can be removed from the outer ring of a 
silicon atom 
a. more easily than from a germanium atom 
b. as easily as from a germanium atom 
c. but with more difficulty than froma germanium 
atom 
d. without the application of power 
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CHAPTER 





AIRCRAFT COMPASS SYSTEMS 


Manufacturers have developed compass systems that 
are considerably more accurate than the older systems. 
These new systems are similar and their outstanding 
feature is the use of a more accurate directional gyro. 
These gyros possess a drift rate that is within the range 
of 2 to 4 degrees per hour as compared to the 12 degrees 
of earlier gyros. The overall accuracy requirement of 
military systems has been established as a maximum 
drift of less than 4 degrees per hour. The designation 
of MA-1 has been assigned to those military compass sys- 
tems that meet the currently approved specification. 

Lear and General Electric manufacturers are supply- 
ing compasses that meet the MA-1 specifications. Each 
company produces a compass system that achieves practi- 
cally the same end result, but the methods and features 
utilized in the two systems differ slightly. This chapter 
will cover the features incorporated in a typical MA-1 
compass. The electrical features of this system will be 
described in detail. 


TRANSMITTERS 


Basically, the transmitters used in the different (manu- 
facturers) MA~-1 compass systems are the same except 
for the nomenclature and appearance. Their theory of 
operation is the same. Figure 9-1 (A) shows a typical 
compass transmitter; figure 9-1 (B) is an internal sche- 
matic diagram of the transmitter. 
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Figure 9-1.-(A) Typical compass transmitter; (B) schematic of 
composs transmitter. 


The compass transmitter isan inductor type. It senses 
the magnetic heading of the aircraft and generatesa cor- 
responding signal. Since this transmitter is only a few 
inches in height, it can be installed within the wing or 
tail of the aircraft where magnetic disturbances are low- 
est. The compass transmitter consists of a hemispherical 
bowl which contains the sensing element. This element is 
mounted pendulously so that its average position in the 
horizontal component of the earth's magnetic field (the 
only component of any value for directional purposes) is 
normally maintained regardless of the turbulence of the 
air or the attitude (within limits) of theaircraft. To pre- 
vent excessive swinging of the functioning element while 
the aircraft is in flight, the hemispherical bowl is filled 
with damping fluid and the functioning element is weighted 
so that it can, within limitations, continually respond to the 
force of gravity. 

The compensating screws, located on top of the trans- 
mitter, are used to eliminate most of the magnetic devia- 
tion caused by the aircraft electrical equipment and 
ferrous metal. One of the two compensating screws is 
lettered N-S for north and south deviation correction, the 
other E-W for east and west correction. 

The correct procedure for adjusting the compensating 
screws to correct for deviation is given in the HMI for 
the aircraft. This information is also givenin applicable 
military specifications. Operation of the compass ele- 
ment is similar to the operation of asynchro. The com- 
pass element consists of a rotor and stator (primary and 
secondary). The stator has 3 windings, spaced 120° 
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apart, connected in wye. It is mounted on the inside of 
the compass transmitter bowl. The rotor rests and turns 
on a jewel pivot within the stator windings. Movement of 
the rotor is caused by a bar magnet. This magnet alines 
itself to the earth's magnetic field at all times regardless 
of aircraft direction. Thus, as the aircraft turns, the 
stator moves about the rotor. 

The rotor of the compass element is energized with an 
a-c source inducing a voltage into the stator. The voltages 
induced in the stator windings are different from each 
other. Therefore, the resultant output ofall three legs is 
different for any one magnetic heading. This resultant 
voltage is used to supply azimuth heading information to 
a directional gyro. 


DIRECTIONAL GYRO UNIT 


Every MA-1 compass system employs a directional 
gyro unit. These directional gyro units are basically the 
same. Figure 9-2 shows two directional gyrounits. Their 
functions are the same, but they are used in two different 
MA-1 compass systems. 





(B) 


Figure 9-2.—Directional gyro units. 


The directional gyro shown in figure 9-2 (A) is a sepa- 
rate unit; the gyro shown in figure 9-2 (B) is inserted 
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inside an amplifier unit. The inside appearance of both 
directional gyro units is basically the same. The direc- 
tional gyro shown in figure 9-2 (A) will be discussed. It 
consists of a gyro motor mounted ina gimbal suspension, 
together with torque motors for slaving and leveling, and 
pickoffs to provide signals containing leveling and azimuth 
information. The gimbal suspension consists of aninner 
and an outer gimbal arranged so that the gyro has three 
independent axes of rotation. The motor is a synchronous 
hysteresis type and operates at a speed of 24,000 r.p.m. 

A cutaway view of the complete gyro is shown in figure 
9-3. The electrical schematic of the gyro unit is shown 
in figure 9-4. The complete gyro is hermetically sealed 
in inert gas at a pressure of one atmosphere. 


Slaving Torque Motor 


The slaving torque motor (1, fig. 9-3) consists of two 
sets of coils mounted on the outer gimbal (2) and two disk- 
shaped permanent magnets (3) mounted on the inner gim- 
bal. When the coils are energized by a direct current, 
their magnetic fields react with the fields of the magnets 
on the inner gimbal to produce a torque about the hori- 
zontal axis. This torque precesses the gyro about the 
vertical axis. The direction of precession is dependent 
upon the polarity of the direct current applied to the coils. 
Electric connections between the inner and outer gimbals 
are made through low torque spiral hairsprings (brushes) 
(4). 

The slaving torque motor receives current from either 
the fluxvalve transmitter or latitude error signal control- 
ler. It can receive current from both at the same time. 
The total amount of current to the torquing motor is the 
sum of these two currents and determines the direction 
and amount of precession of the gyro motor. 


Leveling Torque Motor 


The leveling torque motor (5, fig. 9-3) consists of a 
two-phase stator mounted on the case frame and a hys- 
teresis rotor mounted onthe outer gimbal. The excitation 
winding of the stator is energized at all times with 115- 
volt, 400-cycle, single-phase power. The 400-cycle, 


355 





Figure 9-3.—Cutaway view of a directional gyro unit. 


1. Slaving torque motor coil. 7. Gyro motor. 

2. Outer gimbal. 8. Gear. 

3. Magnet. 9. Synchro transmitter. 
4. Brushes. 10. Antispin assembly. 
5. Leveling torque motor. 11. Antispin motor. 


6. Leveling pickoff coil. 


single-phase voltage to the cqntrol winding is derived from 
the leveling amplifier output. This voltage varies from 0 
to 26 volts, depending upon the amount of leveling re- 
quired, and will shift in phase 180°, depending on the di- 
rection of leveling required. When the control winding is 
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energized, a torque is exerted about the vertical axis, 
causing the gyro to precess about the horizontal axis. 


Leveling Pickoff 


The leveling pickoff is taken from two coils (6, fig. 
9-3) mounted on the outer gimbal. These coils are linked 
by the stray magnetic flux from the stator of the gyro 
motor (7). The induced voltage in these coils is minimum 
when the gyro motor is centered inthe gimbals. When the 
spin axis of the gyro tilts about the horizontal axis, an a-c 
voltage is induced into the pickoff coils. The magnitude 
of the induced voltage is proportional to the amount of 
tilt. 


Azimuth Information 


A large gear (8, fig. 9-3) at the bottom of the gyro's 
outer gimbal is coupled to the rotor of the synchro trans- 
mitter (9) which provides an electrical output signal. The 
output signal is a function of the position of the gyro in 
azimuth. The following description of signal paths refers 
to figure 9-7. 

The signals from the gyro synchro transmitter SSare 
fed through a synchro differential s4anda synchro control 
transformer S1 in the amplifier unit, and then to the servo 
amplifier. The output signals from the servo amplifier 
drive a servomotor that positions the rotors of synchros 
S1, S2, and S3. These rotors are mechanically coupled 
to the servo shaft. The output of S3, in turn, provides 
azimuth information suitable for use in such equipment 
as autopilots and radio navigation equipment. 


Antispin Motor 


An antispin assembly (10, fig. 9-3) is employed in the 
gyro unit to prevent excessive spinning of the outer gimbal 
when the system is turned off. 

The antispin assembly consists of a spring-loaded pin 
that presses against the edge of a gearon the outer gim- 
bal. Ten seconds after the gyro is energized, the antispin 
motor (11) moves the pin away from the gear so that the 
outer gimbal is free to rotate. When the gyro is deener- 
gized, the pin immediately moves against the gear, apply- 
ing a braking action to the outer gimbal. 
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Figure 9-4.—Circuit diagram of directional gyro unit. 


Electrical Connections 


Electrical connections for the gyro motor, the slaving 
torque motor, and the leveling pickoffs are made through 
brushes and sliprings at the top of the outer gimbal. 


MA-1 COMPASS CONTROLLER 


The controls for synchronizing the compass system, 
for selecting mode of operation, and for setting in latitude 
are contained in a single cockpitcontrolunit. Figure 9-5 
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shows two typical controller units; figure 9-6 is an in- 
ternal schematic of the controller shown in figure 9-5 (B). 
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Figure 9-5.-(A) Lear MA-1 controller; (B) General Electric MA-1 
controller. 


The two controllers shown in figure 9-5 are identical 
in operation but differ slightly in appearance. For purpose 
of explanation, the General Electric controller will be 
described. 


Synchronizing Procedure 


The heading set knob, labeled PULL TOSET (fig. 9-6) 
permits rotation of a synchro differential rotor. This 
synchro is connected, as shown in figure 9-7, between 
S5 (the output synchro of the gyro) and sl (a synchro con- 
trol transformer in the amplifier). This arrangement 
makes it possible to change the position of the servo shaft 
without actually moving the gyro's. axis. 
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Figure 9-6.—Circuit diagram of the General Electric controller. 


In order to understand the importance and need for a 
synchro differential, it is necessary to analyze what hap- 
pens after the compass systemisturnedon. Assume that 
the gyro is up to speed and its axis is as shown in the 
right-hand section of figure 9-7. Also assume that the 
fluxvalve compass is delivering directional information 
as shown at S2 in the left-hand section of the figure. 
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Beginning with these conditions, the following events 
will occur: 

_ 1. As soon as power is applied, the rotor of synchro 
S1 (control transformer) will deliver a signal to the servo 
amplifier due to the angular difference between the stator 
field and rotor. The magnitude of this signal will be 
proportional to the angular error. 

2. Depending upon the phase characteristics of the in- 
put signal to the servo amplifier, the output signal will be 
such that it will drive the servomotor until the synchro 
CT's rotor is alined with the direction of the existing 
field in the CT's stator. 

3. Since the synchro compass detector's rotor and the 
synchro transmitter's rotor are connected to the same 
servo shaft, they too will assume the same directional 
position as the synchro CT's rotor. 

4. At the same time that events 1, 2,and 3 are occur- 
ing, the synchro compass detector's rotor will sense an 
angular difference between itself and the synchro stator 
and feed a signal into the compass amplifier. The phase 
and magnitude of this signal will be proportional to the 
size and direction of the angular error between the stator 
and rotor. 

9. The output signal from the compass amplifier will 
drive the slaving torque motor in adirectionto cause the 
gyro's axis to precess in an attempt to aline the gyro 
synchro S5 with the directional information being received 
from the fluxvalve compass transmitter. However, this 
precession will take place at a rate of approximately 2 
degrees per minute. The synchro CT and the servo am- 
plifier, on the other hand, are designed so that the servo 
shaft will position itself almost instantly when the field of 
the synchro stator S1 changes direction. If the angular 
difference between the fluxvalve compass and the gyro's 
axis were 90°, it would obviously take 45 minutes for them 
to synchronize. The synchro differential S4 located in 
the controller unit is used to reduce this synchronizing 
time to a few seconds. Thisisdone in the following way: 

The heading set knob, as shown in figure 9-7, which 
is mechanically connected to the synchro differential's 
rotor S4, is rotated to position the rotor so that the direc- 
tion of the field produced in the synchro CT's stator Sl 
is identical to that of the fluxvalve compass. Therefore, 


362 


all of the synchro rotors attached to the servo shaft wil: 


immediately assume a position identical to that of the 
fluxvalve compass. This directional information will also 


cause the stator of the output synchro transmitter $3 to 
position the compass indicator to the magnetic heading of 
the aircraft. 

As a result of changing the rotor's position in the 
synchro differential, the rotor of the synchro compass 
detector is positioned so that it is practically alined in 
the same direction as the stator field. Thus, the signal 
being fed into the compass amplifier is extremely small. 
The output signal of the compass amplifier is also very 
small. However, this small remaining signal is sufficient 
to precess the gyro until the rotor and stator field of S2 
are completely alined. 


Synchronization Indicator 


To facilitate synchronizing the MA-1 compass system 
by means of the synchro differential, a SYNC indicator 
(a zero center milliammeter) is installed in the controller. 
(See fig. 9-5.) When the vertical white marker in the indi- 
cator is approximately centered, it shows that the output 
signal from the compass amplifier is near null and that 
synchronization exists between the fluxvalve compass and 
gyro. 

After synchronization is achieved, the gyro will then 
be slaved to the fluxvalve compass and its axis will pre- 
cess in response toany average directional changes in the 
fluxvalve compass. Since the gyro, when slaved, pre- 
cesses at such a slow rate (2 degrees per minute), it does 
not respond to the continuous rapid fluctuations of the 
fluxvalve compass, but only to the average direction 
changes. 


Autopilot Switch 


An autopilot switch is connected to the heading set knob 
so that the switch operates when the knob is pulled out. 
This switch can be used to cut out the autopilot when the 
system heading is being changed. It is used only when 
signals from S3, the servo output synchro of the system, 
are used for autopilot operation (fig. 9-6). 

The mode of operation selector switch, labeled FREE 
N LAT-FREE S LAT (fig. 9-6), selects either compass 
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controlled (slaved) or free gyrooperation. There are two 
switch positions for free gyro operation—one for northern 
latitudes, and one for southern latitudes. 


Latitude Compensation 


The latitude compensation control is located at the 
right-hand side of the controller unit. One is labeled 
SET TO LAT and the other LAT CONT (fig. 9-5). This 
control sets the amount of compensation voltage required 
for canceling the apparent drift due to the earth's rota- 
tion. This compensation voltage, whichisusedonly when 
the system is set for free gyro operation, provides a 
direct current to the coils of the slaving torque motor of 
the gyro. This current precesses the gyroat a rate equal 
and opposite to the apparent drift due to the earth's rota- 
tion. 


Power Failure Indicator 


A power failure indicator that indicates when power 
to the system is turned off or has failed is visible through 
the synchronization indicator window. This indicator in- 
corporates a red flag labeled OFF that is visible through 
the window in the front panel of the controller. 


MA-1 COMPASS AMPLIFIER 


The amplifiers used in the different MA-1 compass 
systems vary in shape and size. This is illustrated in 
figure 9-8. The amplifier shown in part (A) is used in 
the Lear MA-1 compass system; the one shown in part 
(B) is used in the General Electric MA-1 compass system. 
The amplifier used in the General Electric system will 
be used for purposes of explanation. 

The amplifier contains a servo unit, aservoamplifier 
unit, a compass amplifier unit, and a leveling amplifier 
unit. The servo unit and the compassamplifier are plug- 
in units. The amplifier also servesasa junction box and 
power supply for the complete system. A block diagram 
of the system is shown in figure 9-9. 

The input to the servo amplifier unitis the rotor volt- 
age of the synchro control transformer in the servo unit. 
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Figure 9-9.—Block diagram of amplifier, controller, and gyro unit 
, connected as a system. 
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(See fig. 9-10.) The output signal fromthe control trans- 
former passes through single stage voltage amplifier v5 
to a discriminator stage (V1, v2, V3, and v4). Note that 
resistors R1,R4, and R5 in the cathode circuits of v1, v2, 
v3, v4, and v5 are not bypassed. This feature tends to 
maintain the output signals from the servoamplifier rel- 
atively uniform in magnitude, regardless of the size of 
the error input signals. 

Since V1, v2, V3, and v4 become saturated when the 
error signals become greater than 1°, the torque de- 
livered by the servomotor for error signals of 1° would 
be almost exactly the same as for strong error signals. 


Phase Discriminator Operation 


When no signal is applied to the discriminator circuit 
(fig. 9-11), tubes V1 and v2 will conduct alternately and 
thus develop a small voltage acrossr6. Likewise, V3 and 
v4 will develop a voltage across R7. The d-c voltages 
across F6 and R7 are fed through a filtering and stabilizing 
network to the grids of the output tubes V6, V7, V8, and 
v9. 
The plates of the output tubes are excited 180° out of 
phase by a 400-cycle voltage from the phase A trans- 
former. The amplifier output, produced between the 
center tap of the plate winding on the power transformer 
and ground, is applied to 74 and in turn to the control 
phase of the servomotor ¥1 whose excitation winding is 
powered by phase C. Since the grid signals are negative 
and of the same magnitude, power amplifiers V6, V7, V8, 
and V9 will conduct equally, andthusdevelopa small out- 
put voltage during the first half cycle that will be equal 
in magnitude and polarity to the voltage developed during 
the second half cycle in the secondary of T4. This is 
shown in figure 9-11 (D). Due to the filtering action of 
C4, the resultant waveshape has a frequency of 800 c.p.s. 

Since the voltages developed during each half cycle are 
equal in magnitude, there will be no turning torque pro- 
duced in the servomotor when this 800-cycle signal is 
applied to its control winding. 

Referring again to figure 9-11, assume that the output 
signal from 71. is fed to the grids of vl and v3 with the 
phase polarity as shown, and that the line-to-line 
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Figure 9-11.—Phase discriminator in servo amplifier unit.—Continued 


reference voltage taken from phase A to phase C induces 
a voltage in the secondary and tertiary windings of T2 as 
shown. During the first half cycle of signal voltage, the 
only tube whose grid and plate are both going positive 
simultaneously is V1. Therefore, V1 will conduct, anda 
relatively large voltage will be developed across R6 as 
shown by the dashed waveform in figure 9-11(C). During 
the second half cycle, the grid and plate of v2 will go 
positive simultaneously, thus causing this tube to con- 
duct. Again a voltage will be developed across F6 with 
the same polarity as the previous pulse. The resultant 
output signal will resemble that of a full-wave rectifier. 
Capacitor C2 will smooth out this d-c voltage as shown 
by the solid line in figure 9-11 (C). 

Referring to tubes V3 and v4, you can see that when the 
plate of V3 is positive the input signal on its grid is nega- 
tive and therefore conducts less than during no-signal con- 
ditions. Likewise, v4 will conduct less during the second 
half cycle. Therefore, the d-c signal developed across 
R7 will be less than during no-signal conditions, and thus 
the input signal to v8 and v9 will be less negative. 

Assume that the secondary voltage of power trans- 
former 73, phase A, is as shown in figure 9-11 (A). 
Since the input d-c signal to tubes V6 and V7 is very 
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negative, they will conduct less than during no-signal 
conditions. On the other handv8 andv9 will conduct more 
heavily whenever their plates are positive, which in this 
case is during the second half cycle. The output signal 
shown in figure 9-11 (E) hasalarge 400-cycle component 
in the second half cycle while the first half cycle has only 
a small 400-cycle component and a large 800-cycle com- 
ponent. The strong 400-cycle component in the second 
half cycle will produce a turning torque in the two-phase 
servomotor. This torque will cause the servo shaft to 
rotate in a direction which will reduce the input signal 
to the servo amplifier to zero. The signal is reduced to 
zero by positioning the synchro control transformer to 
electrical zero. 

If the initial error signal had been of the opposite 
phase, the polarity of the signal at Tl would be exactly 
reversed (180° out of phase). Asaresult, the output sig- 
nal from T4 would have a large 400-cycle component dur- 
ing the first half cycle rather than during the second half 
cycle, as in the case previously described. Hence the 
servomotor would rotate in the opposite direction, as is 
characteristic of two-phase motors. 


Compass Amplifier 


The overall operation of the compass amplifier will 
first be described to present a general understanding of 
the circuit. A detailed description of each circuit will 
follow. 

The input to the compass amplifier is the rotor voltage 
of the compass detector synchro S2, as may be seen in 
figure 9-10. This signal isamplified ina two-stage volt- 
age amplifier (v10 and V11). Since the frequency of the 
output signal from the fluxvalve compass transmitter and 
hence the input signal to v10 is 800 cycles, it is necessary 
that the frequency of the voltage applied to the plates of 
v12 and V13 also be 800 cycles for proper discriminator 
action. The d-c output of the discriminator is amplified 
in a push-pull d-c amplifier (v14 and v15) and is further 
amplified in a push-pull magnetic amplifier. The output 
from the magnetic amplifier is a direct current that is 
proportional in magnitude to the 800-cycle a-c input sig- 
nal, and the polarity depends on the phase of the input 
signal. 
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This output signal from the compass amplifier unit is 
fed to the slaving torque motor inthe gyro unit. Referring 
to figure 9-7, it can be seen that the SYNC indicator is in 
series with one of the output leads from the compass am- 
plifier. As mentioned previously, when the vertical white 
marker in the indicator is approximately centered, it 
shows that the output signal from the compass amplifier 
is near null and that synchronization exists between the 
fluxvalve compass and gyro. Any error signals developed 
by S2 will cause the gyro to start precessing in a direction 
that will null the error signal at the slow rate of approxi- 
mately 2 degrees per minute. 

The output voltage from the magnetic amplifier 78 and 
T9 will be approximately constant regardless of the mag- 
nitude of the error signal. Thisisalso true of the output 
from the servo amplifier. Asinthe servo amplifier, this 
characteristic is achieved in the compass amplifier by 
incorporating a large amount of degenerative feedback. 
This occurs because the cathodes of v11, v12, v13, v14, 
and V15 are not bypassed with capacitors. 


Frequency Doubler Operation 


Referring to figure 9-12, assume that the windings 
connected to the diodes (rectifier) do not exist. If this 
were the case, 76 and 77 would act simply like a trans- 
former and produce two 400-cycle sinusoidal output volt- 
ages £1 and £2, which would cause currents [1 and 12 to 
flow in the direction represented by the arrows. How- 
ever, note that the sum of £l and £2 would produce a zero 
output voltage since they are equal in magnitude and are 
opposing. 

If the diode windings are considered to be in the cir- 
cuit, the lower diode will conduct during the first half 
cycle and the upper diode during the second half cycle. 

The impedance of these diode circuits is high when 
there is no conduction, and drops toalow value of approx- 
imately 75 ohms when conduction occurs. As ina con- 
ventional transformer, when the secondary impedance is 
low, the impedance reflected into the primary is also low. 
Again, referring to figure 9-12, it can be seen that when 
14 flows, the impedance of T7's primary is low, thus caus- 
ing most of the input voltage to appear acrossT6's 
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Figure 9-12—Schematic of frequency multiplier which supplies an 800- 
cycle voltage to the compass amplifier. 





primary. For this reason, I1 will be large and 12 quite 
small during the first half cycle, as shown in figure 9-12 
(B) and (C). Likewise, during the second half cycle, the 
other diode will conduct which will cause I2 to be large 
and I1 small. The sum of these two currents, I,, which 
flows through C12 is shown in figure 9-12 (D). 

The voltage across C12 is proportional to the rate of 
change of flux in T6and7T7. This change is approximately 
equal to the rate of change of the current. 

Referring to the current waveshape in figure 9-12 (D), 
it may be seen that the slope at point 1 is maximum ina 
positive direction. Therefore, the voltage is maximum at 
point 1 as can be seen in figure 9-12 (E). At point 2 the 
slope is zero. At point 3 the slope is maximum in the 
negative direction. The voltages corresponding to points 
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1, 2,and 3 are shown by the heavy sine wave in figure 9-12 
(E). Theunfiltered voltage, which is the result of the 800- 
cycle output of £1 and £2, is shown by the light line in 
figure 9-12 (E). Thisisa theoretical voltage. After being 
filtered by C12, this voltage will appear in the near half- 
sinusoidal form as shown by the heavy line in figure 9-12 
(E). 


Discriminator Operation 


The plate voltages supplied to v12 and v13 are 800- 
cycle reference voltages which are exactly in phase, as 
may be seen in figure 9-13. The 800-cycle input signals 
to these tubes, on the other hand, are 180° out of phase, 
as shown. With no signal applied, V12 and V13 will con- 
duct equally when their plates swing positive, and will 
develop equal voltages across R23 and F25. Thus, the 
grids of V14 and V15 will have equal voltage on them, and 
will conduct equally. 

Assume that an error signal fed into v10 is such that 
the output voltage developed across the secondary of T5 
is as shown in the figure. During the first half cycle, v12 
will conduct heavily, developing a large voltage across 
R23 since V12's grid and plate are both positive simulta- 
neously. During the second half cycle, it will not conduct 
at all. 

During the first half cycle, v13 will barely conduct 
since its grid is negative while its plateis positive. Thus, 
the voltage developed across R25 will be lessthan during 
no-signal conditions. During the secondhalf cycle, neither 
vi2 nor v13 conducts since their plates are negative. 

The sum of the voltages across F 23 andF&25 is applied 
across R24 and R26 (fig. 9-13), where itis initially divided 
equally and filtered. Therefore, anegative voltage will be 
applied to V14, cutting off its conduction. A positive voltage 
is applied to V15 which will make it conduct heavily. When 
this happens, the low value of cathode and tube resistance 
across 26 reduces the signal voltage across R26. This 
causes. most of the signal voltage developed across R23 and 
R25 to appear across R24. This characteristic increases 
the amount of control action of the output circuit. 

Had the input error signal been 180° outof phase, V15 
would then be cut off and v14 would conduct heavily. 
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Figure 9-13.—Discriminator section of compass amplifier unit. 


Magnetic Amplifier Operation 


The basic amplifier symbols used in the description of 
this circuit are shown in figure 9-14 (B). Load windings 
are generally labeled Al to A2 and B1to 82; while control 
or bias windings are labeled F1 to F2,F3, to F4, F5 to F6, 
and so forth. Assuming the electron flow is represented 
by I1, 12, and 73, fluxes will be set up in the directions 
represented by the large arrows adjacent to the windings 
shown in the figure. 
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Figure 9-14.—Magnetic amplifier in compass amplifier unit.—Continued 


The operation of the magnetic amplifier may be under- 
stood better by referring to figure 9-14 (A). The four 
cores comprising 78 and 79 are all magnetically independ- 
ent, although controlled by common windings from V14, 
V15, and the bias circuit. 

During no-signal conditions, V14andV15 would conduct 
equally. Thus, control windings F3 to F4 andF6 toF5 
would produce equal and opposite fluxes, which would can- 
cel each other in 78 and TY. This is shown by the arrows 
in figure 9-14 (A). Hence, their overall effect on these 
cores is negligible. 

The action of the load windings is as follows: 

Assume that an a-c voltage with the polarity shown 
(fig. 9-14 (C)) exists on the secondary of phase C. Diodes 
DR2a and DR2b would conduct during the first half cycle 
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and produce flux in the Al toA2load windings in the direc- 
tions represented by the large arrows. 

When 78 and T9 are not saturated, their impedances 
are high, and thus most of the voltage from phase C's 
secondary is dropped across the load coils in T8 and/or 
TQ. There is very little voltage across k33 and R34. How- 
ever, as soon as T8 and/or T9 saturate, the impedance of 
the coils drops to a very low value and most of the volt- 
age appears across R33 or R34, respectively. In a sense, 
this characteristic is similar to thyratron action. 

If no bias current is flowing, the current flowing 
through DR2a will cause 79 to saturate early in the first 
half cycle, and thus produce a voltage waveform across 
R33. (See fig. 9-14 (D).) Considering the effect of bias 
current, notice that the flux produced by the bias circuit 
opposes the flux described, and thus tends to retard or 
delay the saturation of T9. Therefore, most of the input 
voltage appears across R33 later in the first half cycle. 
This is shown in figure 9-14 (E). DR2a and DR2c conduct 
alternately and thus produce a full-wave output across 
R33, as may be seen in figure 9-14 (E). 

The voltage waveshape across R34 is exactly the same 
as across R33. However, the polarity of the voltage is 
exactly opposite, so that during no-signal conditions these 
voltages cancel each other. Assume that a signal causes 
v14 to conduct heavily and V15 only slightly. The flux pro- 
duced in T9 by control winding F3 to F4 will oppose the 
load winding flux represented by the large arrow and thus 
further retard the saturation of T9. (See fig. 9-14 (F).) 
However, the flux produced in T8 by current flow through 
vV14 aids the flux produced by the current through DR2b and 
DR2d. Therefore, the time of saturation will be advanced, 
and the resultant voltage across R34 will be as shown in 
figure 9-14 (G). 

The sum of the voltages across R33 and R34, shown in 
figure 9-14 (H), is a d-c voltage which is applied to the 
slaving torque motor coils. Had the input error signal 
been in the opposite direction and of the same magnitude, 
the output voltage waveshape would be the sameas shown 
in figure 9-14 (H), but with the opposite polarity. 

During no-signal conditions, very small equal and oppo- 
site currents flow through the slaving torque motor coils, 
due to the B voltage applied to the coils through R50, R51 
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and R52 (fig. 9-14 (B)). When an error signal exists and 
a d-c voltage is produced across R33 and R34, as already 
described, a current flows through both torque motor coils 
from the magnetic amplifier. This current aids the B+ 
voltage in one coil and bucks the B+ voltage in the other. 
This causes the slaving torque motor to rotate which, in 
turn, makes the gyro precess in azimuth in such a direc- 
tion to cancel the original error signal. 

When the MA-1 is being utilized without compass slav- 
ing, a small latitude compensation voltage is fed to either 
the right or left torque motor coil. The coil to which it 
is fed depends upon whether the MA-1 is in the north or 
the south latitude. Thisis illustrated by the switch shown 
in the slaved position in figure 9-14 (B). 


Leveling Amplifier Operation 


The leveling amplifier consists of one voltage amplifier 
stage (V16) and a four-tube power amplifier stage (V17, 
v18, V19, and V20). (See fig. 9-15.) Its function is to 
amplify signals from the leveling pickoff ofthe gyro to an 
amount suitable for operating the leveling torque motor. 

Assume that the phase relationship of the leveling pick- 
off voltage applied to the grid of V16 is as shown in (A) of 
figure 9-15. The relation of this voltage to phase A volt- 
age is shown at (B) and (C). V17 and V18 will conduct 
heavily during the first half cycle, and V19and V20 during 
the second half cycle. Thisis conventional push-pull am- 
plifier action. With the signal as shown, the voltage out- 
put from T11 willhave the phase relationship shown by the 
solid line in figure 9-15 (D). When this voltage is applied 
to the leveling torque motor, it will cause the gyro's axis 
to precess back to the horizontal position, and thus reduce 
the level pickoff voltage to zero. 

Had the gyro's axis been displaced in the opposite di- 
rection, the input signal to V16 andoutput from 711 would 
be as represented by the dashed lines in figure 9-15 (B) 
and (D). The leveling motor would then have caused the 
gyro to precess in the opposite direction. 


OPERATION SUMMARY 


The manner in which the various elements of the sys- 
tem function is described in the following paragraphs. 
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(A) 





PHASE A TO GROUND 





SECONDARY Tj TO GROUND 


Figure 9-15.—Leveling omplifier circuit. 


During this description you should refer to figure 9-10 
which is an overall schematic of the system. 


Compass Controlled Operation 


The electrical output of the synchro transmitter S5 in 
the gyro unit corresponds to the position of the gyro spin 
axis. This output is fed toasynchro differential S4 in the 
controller. The electrical output of the synchro differen- 
tial corresponds to the angular position of the gyro spin 
axis plus the angular mechanical position of the synchro 
differential rotor. The output of the differentialis fed to 


a synchro control transformer S1 which is coupled elec- [ 


trically to a servo shaft in the amplifier. The synchro 
control transformer rotor produces a signal that corre- 
sponds to the difference between the angular position of 
the servo shaft. This signal is amplified by the servo 
amplifier and applied to the control phase of the 
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servomotor ¥1. The servomotor rotates the control trans- 
former rotor (servo shaft) to null the output of the control 
transformer. The direction of the electrical field in the 
control transformer S1 is determined by the mechanical 
position of the synchro differential rotor plus the elec- 
trical signal from the synchro transmitter $5. When the 
rotor of the synchro control transformer Slisalined with 
the electrical field across the stator of S1,no signal will 
be transmitted to v5 in the servo amplifier. The rotor 
of the synchro control transformer S1 will follow any 
movement in the rotor of S4 or the electrical field of S5. 

The compass detector synchro S2, which is mechani- 
cally coupled to the servo shaft, produces a signal that is 
a function of the difference between the magnetic compass 
heading and the angular position of the servoshaft. This 
signal is amplified in the compass amplifier and converted 
to a direct current that flows through the synchronization 
indicator to the slaving torque motor of the gyro and 
causes the gyrotoprecess slowly. Precession of the gyro 
causes the servo shaft to rotate in the direction that brings 
the output of the compass detector synchro S2 to a mini- 
mum. Since the gyro precesses slowly, only the average 
compass heading is obtained. 

When the system is initially energized, there maybe a 
large discrepancy between the compass heading and the 
angular position of the servo shaft. Due to the slow pre- 
cession rate of the gyro, a long period of time would be 
required for the gyro position and magnetic heading to 
become synchronized. However, by rotating the shaft of 
the synchro differential S4 and observing the indications 
on the synchronization indicator, the servo shaft is quickly 
alined with the compass heading by manual means. 


Free Gyro Operation 


During free gyro operation, a latitude compensation 
voltage, which varies in magnitude with latitude, is applied 
to the gyro's slaving torque motor coils. The rate of pre- 
cession at a given latitude is such that it exactly opposes 
the apparent precession of the gyro caused by the earth's 
rotation. 

Before takeoff, the aircraft's heading is set on the out- 
put synchro (compass indicator) by rotating the synchro 
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differential in the controller unit to the proper position. 
During the flight the gyro will then hold the rotor of the 
compass indicator in the same position in space. There- 
fore, assuming that grid navigational charts are used, the 
compass indicator will always indicate the aircraft's 
heading. 


System Operational Checks 


An operational check of the compass system should 
be included in the preflight check of the aircraft. This 
assures that the compass system is operating properly 
and is ready for the flight. When troubleshooting the sys- 
tem, an operational check of the compass system will be 
necessary before it can be determined which component 
or part of the system is at fault. 

The Handbook of Maintenance Instructions for the air- 
craft or the Handbook of Service Instructions for the com- 
pass system will give the step-by-step procedure for this 
check. 

The values of the input voltages to the compass system 
are of prime importance. The required a-c voltage is 
200-volt, three-phase, 400-cycle, with a grounded neutral 
and a phase rotation of ABC. The compass system also 
requires a 27.7 d-c voltage supply. 


Troubleshooting 


Many times a complete component of a system has 
been unnecessarily replaced, when, if the troubleshooter 
had investigated further, he would often have found that 
only a new fuse or tube would have corrected the fault. 
Changing a complete component to correct a faultis very 
costly and time consuming. However, it is true that in 
some cases a new component will have to be installed. 

A troubleshooting chart is very useful and can save 
hours of work if it is well planned. Such a chart should 
contain a listing of the major components of the system, 
the major parts of each component, anda brief description 
of how the system acts when a particular part fails. The 
leading petty officer of the electric and instrument shop 
is responsible for the development and use of sucha 
troubleshooting chart for the particular MA-1 compass 
system being used in his squadron. 
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QUIZ 


The purpose of the antispin motor in the GE MA-] 
compass gyro control is to 

a. prevent gimbal lock 

b. eliminate nutation of the gyro 

c. lock the gimbals 

d. hold the MDI compass card stationary 


The transmitter used with the GE MA-1 compass is 
a. not gyro stabilized directionally 
b. held parallel to the aircraft's lateral axis 
c. slaved to magnetic null by synchronization 
d. not directly used during synchronization 


The latitude compensator in the GE MA-1 compass 
system is basically a/an 

a. RC network 

b. voltage divider 

c. phase discriminator 

d. all of the above 


When the MA-1 compass is infree operation, a small 
latitude compensation voltage is fed to 

a. the left torque motor coil 

b. the right torque motor coil 

c. either torque motor coil 

d. both torque coils to hold the gyro erect 


Leveling torque of adirectional gyro is applied tothe 
a. inner gimbal 
b. outer gimbal 
c. gyro horizontal axis 
d. gyro vertical axis 


Slaving torque of all directional gyros 
a. depends on the time-phase relationship of the 
a. c. on the torque coils 
b. is proportional to the amount of misalinement 
between gyro and transmitter 
c. is applied to the inner gimbal 
d. is applied to the outer gimbal 


A long periodof time is required for the gyro andthe 
magnetic heading to reacha null, due to slow pre- 
cession rate. This is overcome (fig. 9-7) by 

a. Caging the gyro normally 

b. rotating synchro differential (S4) 

c. rotating earth magnetic field in transmitter 

d. rotating gyro synchro (S5) 


381 


10. 


ll. 


12. 


13. 


14. 


15. 


During free gyro operation, the maximum drift per 
hour specified for a MA-1 type compass is 

a. 2 degrees 

b. 4 degrees 

c. 6 degrees 

d. 8 degrees 
The fluxvalve detector is kept horizontal by a 

a. vertical gyro 

b. pendulous mounting 

c. directional gyro unit 

d. pivot and float assembly 
The freedoms of movement of the directional gyro 
are 

a. spin, tilt, tilt 

b. spin, tilt, turn 

c. spin, turn, turn 

d. spin, tilt 
Synchronization of the GE MA-1 compass system is 
accomplished by 

a. Caging the gyro 

b. rotating the fluxvalve field 

c. rotating the gyro element 

d. rotating the magnetic null position of the gyro 
The fluxvalve transmitter compensating screws com- 
pensate for 

a. soft iron error 

b. variation 

c. deviation 

d. single cycle error 
In the MA-1 directional-gyro rotor, the purpose of 
the two stators is to 

a. compensate for turn error 

b. maintain a constant moment of inertia 

c. provide for maximum angular velocity in the 

rotor 
d. reduce weight 


The rotorof the directional gyro is free to turnabout 
its 
a. lateral axis 
b. horizontal axis 
c. normal axis 
d. vertical axis 
A gyroscope at the equator with its spinning axis 
horizontal and pointing N-S, will 
a. apparently drift about its horizontal axis only 
b. apparently turn about its vertical axis only 
c. exhibit no apparent change 
d. have apparent tilt about both axes 
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16. Bias forthe frequency doubler in the GE MA-1 com- 
pass amplifier is obtained from 
a. the B-plus supply 
b. aircraft's a-c supply 
c. aircraft's battery (d-c) supply 
d. transformer action 
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CHAPTER 





AUTOMATIC FLIGHT CONTROL AND 
STABILIZATION SYSTEMS 


The first electronic automatic flight control and stabi- 
lization (AFCS) system to be installed in naval aircraft 
was the Eclipse-Pioneer P-1 automatic pilot. The P-1 is 
a closely integrated system which was ideally suited to the 
requirements of the then current propeller driven, piston 
engine aircraft. It served a dual purpose of providing 
direction and attitude indications to the pilot as well as 
stabilization signals for autopilot control. 

While highly satisfactory operation had been obtained 
in the earlier aircraft, test indicated that the system did 
not provide adequate control, nor did it provide all of the 
features desired in later aircraft. Hence, development of 
the Eclipse-Pioneer P-3, the General Electric G-3, and 
the Sperry S-5 was undertaken. 

The theory and operation of the P-1 automatic pilot is 
discussed in the Navy Training Course, AE 3& 2, NavPers 
10348. The operation of this autopilot is entirely elec- 
trical. It provides magnetic heading control, automatic 
synchronization, and maneuvering control. To these 
features the P-3, G-3, andS-5 autopilots added barometric 
altitude control, increased the maneuvering limits, and 
included three axes rate damping. They also provided im- 
proved servo response and increased vertical gyro ac- 
curacy. 

During the period of transition from the P-1 autopilot 
to the P-3, G-3, and S-5, considerable changes developed 
in naval aircraft. The jet engine produceda greater speed 
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range and higher control forces, which required the in- 
stallation of boost or full power surface control systems. 
During the development of an aircraft, numerous aero- 
dynamic and control system changes are made to obtain 
the specified performance characteristics. In many cases 
these changes necessitate corresponding changes in auto- 
matic flight control systems. Therefore, it has been 
determined that the best coordination of the overall air- 
frame automatic stabilization system development can be 
obtained by placing the responsibility for furnishing satis- 
factory equipments in the hands of the airframe manu- 
facturer; and that all automatic flight control systems 
would be contractor furnished. 

This policy introduces new problems in the mainte- 
nance, training, and publication areas. Special handbooks, 
field test sets, personnel training, and spare parts must 
be provided to support each aircraft type system installa- 
tion. 

It would be beyond the scope of this training course to 
discuss each and every type of automatic flight control and 
stabilization system. However, with knowledge of the 
basic functions of the autopilot and some of the newer 
developments, this chapter will familiarize you with the 
operation and function of the newer type automatic flight 
control and stabilization system that you must maintain. 

A discussion of the various units that constitute these 
new type automatic flight control and stabilization systems 
will follow. Discussion will be given to altitude control, 
and yaw and pitch stabilization. Also, a present-day auto- 
matic flight control and stabilization system that is in- 
stalled in a late model aircraft will be discussed. 

It is suggested that you become familiar with the in- 
formation contained in chapter 15 of AE 3 & 2, NavPers 
10348, before continuing with your study of this chapter. 


ALTITUDE CONTROL 


In order to maintain the aircraft at a fixed altitude, 
some autopilots include an altitude control feature. The 
altitude controller consists of an aneroid, a mechanism 
for transmitting and magnifying the motion of the aneroid, 
a solenoid operated clutch, a synchro, anda centering de- 
vice for returning the synchro rotor to the null or no- 
signal position. 
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The aneroid consists of two diaphragms which are 
sealed internally at standard (sea level) barometric pres- 
sure. The two diaphragms are connected in tandem ona 
single pushrod and mounted in anairtightcase. The case 
is connected by a tube to a sourceof static air pressure. 
The diaphragm pushrod is mechanically connected to one 
of the clutch plates through a linkage consisting of a lever, 
a pivoted shaft to which is attached a gear sector, anda 
pinion gear. 

Any departure of the aircraft from the barometric 
pressure altitude at which the altitude control switch is 
set, produces movement of the aneroiddiaphragms. This 
motion is transmitted through the linkage to displace the 
rotor of the synchro, resulting in the generation of a signal 
in the synchro stator. This signalisapplied to the eleva- 
tor channel to produce elevator control for returning the 
aircraft to the pressure altitude indicated by the aneroid. 
When the aircraft reaches the correct altitude, the synchro 
signal becomes zero and elevator control is maintained 
through normal autopilot channel operation. 

When the altitude control switch is turned off, the clutch 
and the centering device actuating coil are deenergized. 
This opens the clutch to disengage the synchro rotor from 
the aneroid mechanism and, at the same time, the center- 
ing yoke, by spring action, closes on the synchro rotor 
shaft lever to return the rotor to the null or no-signal 
position. 

In this way, the synchro rotor is always held at the 
no-signal position whenever the altitude control is off, 
and since the clutch is disengaged, the aneroid is free to 
move. Therefore, the altitude control may be engaged at 
any time. Regardless of the position of the aneroid, the 
altitude that it senses will be the one used as the reference 
for maintenance of constant altitude when the altitude 
control is turned on. It is notnecessary to wait for syn- 
chronization or alinement. 

Figure 10-1 (A) shows a three-quarter view ofa baro- 
metric altitude control. The outside appearance of various 
controls of this type will vary depending upon the manu- 
facturer; however, the working parts will be similar. 
Figure 10-1 (B) shows the internal parts ofa barometric 
altitude cuntrol, while figure 10-1 (C) shows the simplified 
schematic of the altitude control. 
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simplified schematic. 
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YAW STABILIZATION SYSTEM 


Many high-speed fighter aircraft have tendencies to 
oscillate about their vertical (yaw) axis. The use of a 
yaw damper system aids the pilot in stabilizing the air- 
craft against oscillation about its yaw axis. A block dia- 
gram of a typical installation is shown in figure 10-2. 




















The yaw damper detects any sudden turning ofthe air- 
craft and deflects the rudder to oppose the motion. The 
movement of the rudder may be relatively rapid, several 
cycles per second, and may be observed at the rudder 
pedals of any aircraft not using a power operated rudder. 
The yaw damper may be engaged and disengaged in flight 
at the discretion of the pilot. In most installations, in 
order to free the rudder for takeoff or landing maneuvers, 
a switch automatically disengages the system when the 
wheels are down. In any case, the pilot is able to over- 
power the unit should it become necessary. 

The basic unit of the systemisthe yaw damper control 
assembly (fig. 10-3), which is located in the forward part 
of the aircraft. This unit contains the rate gyroscope 
which senses changes in aircraft heading, and the elec- 
tronic circuits necessary to transform the information 
from the rate gyro into signals that can be used to control 
the rudder servo. 
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Figure 10-2.—Block diagramof a typical yaw damper system. 
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Figure 10-3.—Yaw damper control assembly. 


Referring to the block diagram shown in figure 10-2, 
it can be seen that the yaw damper system is relatively 
simple compared to a complete autopilot. The rate gyro 
is mounted in gimbals and is restrained by springs so that 
its axis of rotation is normally parallel to the roll axis of 
the aircraft. When the aircraft turns about its yaw axis, 
either in a coordinated turn or ordinary yaw, the gyro 
precesses against the springs. The degree of precession 
is proportional to the rate at which the aircraft is turning. 
An inductive pickup mounted near the rotor furnishes the 
signal from the gyro for the restofthe system. When the 
aircraft is not turning and the gyroisin its neutral posi- 
tion, the voltage induced in the pickup by the gyro is zero. 
If the aircraft yaws or turns, the gyro is displaced from 
its neutral position by precessional torques, anda voltage 
proportional to the rate of turn is induced in the pickup. 

The signal will be either in phase or 180 degrees out 
of phase with the current in that leg of the three-phase 
incoming a-c power that is used in the yaw damper con- 
trol assembly as a reference. Whether the signal is in 
phase or out of phase depends on the direction in which 
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the aircraft is turning or yawing. The signal from the 
pickup is compared with the reference phase in the dis- 
criminator network, which produces a d-c output signal. 
This signal's voltage is proportional to the a-c signal 
voltage and its polarity is determined by the phase dif- 
ference. Note that this phase difference is NOT propor- 
tional to the rate of turn. Itis either zero degree or 180 
degrees, depending only on the direction of turn. Signal 
amplitude is proportional to the rate of turn. 

The yaw signal, now in the formofa d-c voltage vary- 
ing as the aircraft turns, is next passed through rate and 
integration networks. The purpose of the rate network is 
to "quicken" the system; that is, to provide a phase lead 
in the slowly varying d-c signal that is applied to the 
servo amplifiers. Thislead will compensate for the phase 
lag introduced by the servodrive and rudder. At the same 
time, the integration network shapes the frequency re- 
sponse curve of the system tokeep the range of operation 
within the stable portion of the aircraft's control char- 
acteristics. The last section of the yaw damper control 
assembly consists of a two-stage amplifier. The first 
stage amplifies the signal from the rate network an amount 
required to give efficient yaw damping and at the same 
time stable operation. The second stage furnishes the 
power required to actuate one of the two magnetic power 
clutches in the servodrive unit located in the vertical 
stabilizer. The polarity of the control signal from the 
control assembly determines which clutch is engaged. 

The servodrive unit positions the rudder, in response 
to the control signals from the control assembly, through 
a clutch and drum assembly. The clutchis an adjustable- 
mechanical type and is incroporated in the drum unit to 
permit manual override of the system in case of emer- 
gency. It also limits the torque applied to the control 
surface to the value at which the clutchhas been adjusted 
to slip. 

It should be pointed out that the rate network will not 
respond to steady signals from the rate gyro such as 
would be produced if the aircraft were turning at a con- 
stant rate for a period of time. The damper is designed 
in this manner so that the pilot does not have to overpower 
the servo to turn the aircraft. While the rate network does 
remove the steady state component of the signal from the 
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rate gyro, it still passes transients due to yaw, and the 
yaw damper system is still operative in the turn. 


PITCH AND YAW STABILIZATION SYSTEM 


It has been found necessary to stabilize some aircraft 
in the pitch axis as well as the yaw axis in order to pre- 
vent oscillations of the aircraft. This type of stabilization 
system is similar to the yaw damper system just dis- 
cussed, in that it uses gyroscopes to create signals in- 
Gicative of the movement of the aircraft in yaw and also 
in pitch. 

Two signals are required in this system. One indi- 
cates the rate of movement in yaw (angular velocity about 
vertical axis), and the other indicates the rate of move- 
ment in pitch (angular velocity about the lateral axis). 

In this stabilization system two rate gyro units are 
used. One with the sensitive axis parallel to the yaw axis 
of the aircraft and the other with the sensitive axis paral- 
lel to the pitch axis of the aircraft. 






BARREL 
(GIMBAL ) 


ROTOR DIRECTION OF 


PRECESSION 


FORCE OF 
ROTATION 


Figure 10-4.—Single sensitive axis gyro mounted in a barrel assembly. 


The gyro rotor is mounted in a barrel assembly (fig. 
10-4) which in effect takes the place of the gimbal. Shafts 
extend from the ends of the barrel along the free axis of 
the device so that the barrel rotates on these shafts when 
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the gyro precesses. A signal generating device is mounted 
on the end of the shaft. This device gives indications of 
the amount and direction of rotation of the barrel. The 
entire assembly, with restraining springs, is mountedas 
indicated in figure 10-5. 


RESTRAINING 
SPRING 








GYRO MOTOR 
BARREL ASSEMBLY 





PICKOFF 






SENSITIVE 
AXIS 





Figure 10-5.—Mechanical schematic of rate gyro. 


Signal Generator Pickoff 


The principle of operation of the pickoff is illustrated 
by figure 10-6. The stator is made up of ring-shaped 
laminations and has four poles. A primary and secondary 
coil is wound on each of these poles. 

The primaries are connected to each other so that with 
115 volts, 400 cycles applied to the input, two adjacent 
poles have the same polarity atany instant. (Indicated by 
N-N and S-S§ for the instant illustrated.) 

The secondaries are connected to each other so that 
the voltages induced into them by the primaries are op- 
posite in polarity for adjacent poles (indicated by the 
voltage curves inside the rings) but of the same polarity 
for opposite poles. A rotor, made up of laminations and 
mounted on a shaft within the poles, is used to vary the 
output voltages of the pickoff to indicate the direction and 
amount of rotation of the shaft. 
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Figure 10-6.—Rate gyropickoff operation. 


Control Surface Effectiveness 


At different altitudes the atmospheric pressure varies 
so that the effect of the control surfaces in maneuvering 
the aircraft changes with altitude. For a given speed, at 
the rarefied atmosphere of high altitudes it takesa greater 
displacement of the control surfaces to obtain the same 
effect as at a lower altitude. 
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Changes in speed of the aircraft also vary the effec- 
tiveness of the control surfaces. Atagiven altitude, slow 
speeds require more control surface movement than high 
speeds if the same amount of maneuvering is to be ac- 
complished. 

Since the gyro signal outputs are dependent only on the 
rate of change in altitude, for any given rate of change the 
signal will be of the same magnitude regardless of the 
speed or altitude at which the aircraft is flying. 


Gain Control Unit 


To compensate for changes in altitude and airspeed, 
the signals are modified by a gaincontrolunit. This unit 
makes use of the difference between the pressure created 
by the flight of the aircraft (ram pressure) at different 
speeds and altitudes, and the pressure inside the aircraft 
at different altitudes caused by barometric pressure alone 
(static pressure). Figure 10-7 shows a mechanical sche- 
matic of the gain control unit. It can be seen in the 
schematic that as the dynamic air pressure increases, the 
bellows will cause the spring to become more compressed. 
This allows the armature to move each potentiometer's 
sliding arm to select the adequate portion of the rate gyro 
signals in accordance with the altitude and airspeed of the 
aircraft. 


ARMATURE SPRING 
STATIC 









BELLOWS 


Figure 10-7.—Mechanical schematic of gain control unit. 


As the airspeed decreases or when the aircraft's 
altitude decreases, the armature will move to the right, 
selecting a different portion of the rate gyro's signals. 
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Airstream Direction Detector 


- At the considerably slower speeds of landing and take- 
off, additional corrective control surface movement is 
required to provide increased stability in yaw. The sig- 
nal gradient of the gyroscope is not sufficient to provide 
this stability. 

An airstream direction detector measures the amount 
the nose of the aircraft points out of the airstream and 
generates signals to cause corrective rudder movements. 
This device will correct not only for yaw but for skids and 
slips. The unit will detect deviations of the airstream 
within one-tenth of a degree. 

Figure 10-8 shows the mechanical schematic of a typi- 
cal airstream direction detector. 

The airstream direction detector is mounted inside the 
aircraft. Its probe is thrust through the skin and extends 
down into the airstream. Two slots on the probe admit 
pressure. This pressure, which is caused by the air- 
stream, actson a vane (paddle) inside the paddle-chamber. 
Each slot is connected through an orifice to a different 
side of the paddle-chamber. When the airstream strikes 
one slot more directly than the other, the pressure on 
that side of the paddle-chamber becomes greater than on 
the other side, causing the paddle to move. The paddle is 
connected by linkage to the probe and the moving arm of 
the potentiometer. When the paddle moves it turns the 
probe so that the two slots again face evenly to the air- 
stream. Also when the paddle moves the potentiometer 
arm is moved and creates an unbalance in the yaw channel 
circuit. | 

Since this increased stability in yaw is needed only 
during landing and takeoff, the unit is connected into the 
system only when the wing flaps are extended. When the 
wing flaps are extended, a switch is allowed to close. 
When the switch closes, it operates a relay which con- 
nects the airstream direction detector into the yaw chan- 
nel. 


System Operation 


The signals from the rate gyros, generated by the gyro 
pickoffs when the gyros precess, go to the gain control 
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Figure 10-8.—Mechanical schematic of airstreamdirection detector. 


unit where they are modified. The signal in the pitch 
channel then goes to transformer 7301 where itis coupled 
to the pitch channel servo loops. Figure 10-9 shows a 
diagram which illustrates this operation. 
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This channel also contains a synchronizing system 
which consists of a synchronizing drive unit and a syn- 
chronizing drive amplifier. The system is useful during 
maneuvering, when the pilot is moving the aircraft in 
pitch. When the aircraft moves in pitch, the pitch gyro 
creates a signal that goes to the servoloop to oppose the 
movement of the aircraft. The synchronizing system pro- 
vides a signal that cancels the gyro signal. This causes 
the servo loop to sense a zero signal, as if there had been 
no movement of the pitch rate synchro, and the servo 
actuator will return to the zero position. The circuit and 
the mechanical drive are designed so that they will not 
prevent damping of oscillation or oppose the pilot's con- 
trol of the aircraft. 

The opposing signal, produced by the synchronizing 
system, appears across resistor r301. The synchronizing 
system tachometer is a generator that produces a voltage 
proportional to the speed of the synchronizing drive motor. 
This voltage opposes the signal created by the gyro and 
appears across resistor F302 and the resistor in the gain 
control unit which is in series with F302. The magnitude 
of the signal controls the speed of the synchronizing drive 
motor and thus determines the response of the synchroniz- 
ing system. The signal may be adjusted at r302 and is 
also adjusted by the gain control unit for different altitudes 
and airspeeds. 

After passing through the gain control unit, the signal 
in the yaw channel goes through the rudder trim unit and 
then to coupling transformer T351. This transformer 
couples the signals to the yaw channel servoloop. During 
takeoffs and landings an additional signal is fed into this 
channel by the airstream direction detector. 

The servo loop in each channel is essentially the same; 
therefore, an explanation of only one is given. 

When a Signal appears across the input ofthe coupling 
transformer it is fed to the servo amplifier, causing the 
servomotor to operate a hydraulic valve. The position of 
the valve determines the position of the aircraft's control 
surface. As the motor rotates, it also causes displace- 
ment of the rotor of the servo followup synchro. This 
action generates a signal that opposes the output signal of 
the coupling transformer. When this opposing signal at- 
tains a certain magnitude the servomotor stops. If the 
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signal input to the coupling transformer is changed the 
servomotor will rotate to match this change. 

If the signal input to the coupling transformer gives a 
zero Output from the transformer, the servomotor will 
bring the control surfaces back to the zero position. Ina 
maneuver, when the pilot is causing the aircraft to change 
pitch at a relatively steady rate, the servo actuator will 
turn to its zero position. This occurs because the syn- 
chronizing or pitch canceler system will have created a 
signal in opposition to the gyro signal. There would then 
be no output signal from the coupling transformer and the 
servo pickoff would match a zero signal. 

The tachometer in the servo loop hasadamping effect 
on the servodrive motor. As the control surfaces ap- 
proach the desired position, the tachometer output signal 
will oppose the tendency of the servodrive to overshoot. 

It would be possible to stabilize the roll axis of an air- 
craft by the use of athird rate gyro. When an oscillation 
occurred about the longitudinal axis of the aircrafta sig- 
nal would be created to correct for the oscillation. 

The stabilization system just discussed should give a 
working understanding of any stabilization system youare 
required to maintain. For complete operating details and 
servicing instructions, refer to the Handbook of Operation 
and Service Instructions on the system. Handbooks of this 
nature are listed in the Naval Aeronautic Publications 
Index, Part I, Instruments Section, 05 series. 


PENDULUM ERECTING VERTICAL GYRO 


In the days when automatic pilots were controlling 
slow-speed aircraft, the gyros used for flight references 
were erected manually. An example of this is the ball 
erection system used in the vertical gyroof the P-1 auto- 
matic pilot. Today, with aircraft traveling at a much 
greater rate of speed, itisnecessary tohave an improved 
means of erecting the flight reference gyros used in auto- 
matic pilots and stabilization systems. 

One of the most common of these newer methods of 
erecting gyros is by the use of a pendulum device. By 
definition, a pendulum is ''a body so suspended from a 
fixed point as to swing freely to and fro under the com- 
bined action of gravity and momentum." 
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The pendulum device is used as a vertical reference 
point for the vertical-seeking gyro. Under static condi- 
tions the mass of the pendulum will always seek the 
earth's vertical axis. If any differences arise between the 
pendulum axis and the gyro axisa corrective action of the 
vertical gyro will take place. 

Figure 10-10 (A) is a mechanical schematic ofa verti- 
cal gyro which shows its three axesofmovement. These 
movements may be about the vertical axis, lateral axis, 
and longitudinal axis. 

In order to keep a vertical gyro erect, the gyro's spin 
axis must be perpendicular to the earth. If a pendulum is 
mounted to the frame of the gyro so that its pivot axis is 
the same as the pivot axisof the outer gimbal, the pendu- 
lum will detect an error any time the gyro axis (frame) is 
not perpendicular to the earth in pitch attitude. Likewise, 
if a pendulum is mounted so that its mass is pivoted paral- 
lel to the longitudinal axis a comparison of the pendulum 
and the gyro's vertical axis in roll attitude can be made. 

Vertical gyro units, as used in automatic flight control 
systems, detect roll about the longitudinal axis of the air- 
craft (bank), and pitch about the lateral axis of the air- 
craft (dive or climb). Detection is achieved by picking off 
signals from the pitch synchro and therollsynchro. The 
pickoff signals measure the deviations in roll and pitch. 
The magnitude and phase relationship of the generated 
electrical signals are proportional to the difference be- 
tween gyro attitude and airframe attitude. The pickoffs 
(synchros) consist of two major parts, a rotor and a stator. 
The pitch pickoff rotor is attached to the inner gimbal, at 
the pivot point, and its stator is attached to the outer 
gimbal. The roll pickoff rotor is attached to the outer gim- 
bal pivot pin, and its stator isattachedto the gyro frame. 

The gyro erection pendulums (pitch and roll) consist of a 
synchro pickoff and a weightedarm. The weighted arm is 
rigidly attached to one end ofa shaft which is free to turn 
in ball bearings. The pickoff rotor isattached to the other 
end of this shaft. The synchro pickoff stator is attached 
to the pendulum's housing and then to the gyro frame. 

The gyro-erecting system utilizes two torque motors. 
These are two-phase induction motors and each contains 
a rotor and a stator. The roll-axis torque motor is 
mounted with its torque axis parallel to the longitudinal 
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Figure 10-10.—(A) Mechanical schematic of a vertical gyro; (B) simplified 
electrical diagram of vertical gyro. 
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- axis of the aircraft. The rotor of this motor is rigidly 
attached to the outer gimbal ring atits pivot point and the 
stator is attached to the outside of the gyro frame. The 
pitch-axis torque motor is mounted with its torque axis 
parallel to the lateral axis ofthe aircraft. The rotor of this 
motor is rigidly attached to the inner gimbal ring at the 
gimbal pivot and the stator is attached to the outer gimbal. 

The vertical gyro spin axis may not be in a vertical 
position when the gyro is started. Because of the gyro's 
tendency to maintain its spin axis in one space direction 
regardless of its position with respect to the earth, the 
gyro erection system acts to position and to maintain the 
gyro spin axis in a vertical position. This system con- 
sists essentially of the pitch and roll gyro pickoffs, pitch 
and roll pendulum pickoffs, and two torque motors mounted 
on the two horizontal axes (pitchand rollaxes). The pen- 
dulum synchro pickoffs have their rotors connected to the 
bob (mass), and their stator to the pendulum case and then 
to the gyro frame. 

Each pendulum case is mounted on the gyro case in such 
a manner that when the aircraftisin normal (straight and 
level) unaccelerated flight, the pendulum pickoff output is 
zero. The roll pendulum pickoff output is compared with 
the gyro roll pickoff output and the pitch pendulum pickoff 
output is compared with the gyro pitch pickoff output. The 
gyro pickoffs have signal gradients identical to those of the 
corresponding pendulum pickoffs, and have zero output 
only when the gyro axis is vertical andthe gyro case is in 
the position it would have during straight and level unaccel- 
erated flight. Therefore, in normal, unaccelerated, level 
flight, any inequality between the outputs of the pendulum 
and gyro pickoffs on either axis indicates that the gyro's 
spin axis is off vertical by an amount proportional to the 
error signal. These error signals are fed to an erection 
amplifier which energizes the proper torque motor to bring 
the gyro spin axis into alinement with the vertical. 

Figure 10-11 shows a vertical gyro control unit used 
in fighter type aircraft. 


Pendulum Control Unit 


The function of the pendulum control unit isto control 
the aircraft's rudder, causing the aircraft to make coor- 
dinated maneuvers at all speeds. 
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Figure 10-11.—Vertical gyro control unit. 


Figure 10-12 shows a rate and pendulum control unit. 
It consists essentially of a pendulum, a pendulum damper 
(dashpot), a synchro pickoff, and three rate gyros with 
synchro pickoffs for each. In a turn the aircraft and the 
pendulum are subjected to two forces—centrifugal force 
and the force of gravity. When the resultant of these two 
forces is perpendicular to the deck of the aircraft, the 
aircraft is in a coordinated turn. Ifthe turn is not coor- 
dinated, the pendulum is displaced from its minimum out- 
put position (position perpendicular to deck of aircraft), 
and the pendulum pickoff produces a signal proportional 
to the pendulum displacement. This signal is fed through 
a control amplifier of the rudder servo which drives the 
rudder in the proper direction to obtain a coordinated 
turn. When the turn becomes coordinated the pendulum 
returns to its minimum pickoff output position. 

Pendulums that are used in automatic pilot installations 
vary depending upon the particular system. However, the 
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Figure 10-12.—Rate and pendulum control unit. 


operating principles that have been discussed will apply 
to all systems. 

The three rate gyros (yaw rate, roll rate, and pitch 
rate) supply attitude stabilization for all three automatic 
pilot channels, while in full automatic pilot mode. 


AUTOMATIC FLIGHT CONTROL SYSTEM 


An automatic flight control system provides the pilot 
relief from routine flight duties, improves the utility of 
the aircraft, and augments the aircraft's flying qualities 
so that difficult operational tasks may be conducted more 
readily. These tasks include instrument flying, bombing 
and mine laying, night fighting and interception, and field 
and carrier landings. In general, the objective is to pro- 
vide a better link between the pilot andthe airframe than 
the conventional stick and pedals provide. 

Figure 10-13 shows a block diagram ofa typical auto- 
pilot system used in a late model naval aircraft. 

The automatic pilot system consists of three separate 
channels—pitch, roll, and yaw. Each individual channel 
receives its own source of intelligence from synchros 
located in different attitude sensors. 

The PITCH CHANNEL has a source of four individual 
signals. These are the pitch rate gyro, the altitude con- 
troller, the vertical gyro, and the stick controller. 
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GYRO 
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GYRC = ROLL CHANNEL AILERONS 


DIRECTIONAL 
YAW RATE YAW GHANNEL PRUODER 
STICK 
CONTROLLER 


Figure 10-13.—Block diagram of a typical autopilot used in a late 
model naval aircraft. 


The PITCH RATE GYRO, as explained earlier in this 
chapter, supplies an output signal. This signalis propor- 
tional to the rate of displacement of the aircraft about its 
lateral axis. This signal aids the autopilot system in 
holding the aircraft in a set altitude selected by the pilot; 
it also provides pitch stabilization separately. 

The ALTITUDE CONTROLLER, as explained earlier, 
furnishes the pitch channel signals whenever the aircraft 
departs from a barometer altitude selected by the pilot. 
The pilot may engage or disengage the altitude controller 
any time he desires, by an altitude control switch. | 

The VERTICAL GYRO supplies two signals for the 
automatic pilot, one to the pitch channel and the other to 
the roll channel. The pitch signal is obtained from a pitch 
synchro which measures the amount of angular displace- 
ment of the aircraft about its lateral axis. 

The STICK CONTROLLER contains various switches, 
potentiometers, pickoffs, and synchros through which the 
pilot can control the function of the autopilot. The prin- 
cipal elements of this unit are the pitch and roll maneu- 
vering synchros and the pitch trim potentiometer. 
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Figure 10-14 (A) shows a typical stick type controller; 
figure 10-14 (B) is the mechanical schematic ofthe stick 
controller. As can be seen, if the stick of the controller 
is moved forward or aft by the pilot the pitch maneuvering ° 
synchro will be displaced from null. The strength of the 
signal from the pitch maneuvering synchro is proportional 
to the amount of displacement of the stick on the con- 
troller. The phase relationship of the pitch maneuvering 
signal depends on the direction of movement of the stick 
from its null position. 

Basically, the pitch channel of the newer automatic 
pilots is the same as those in the earlier autopilots, as 
described in chapter 15 of AE3&2, NavPers 10348. The 
signals transmitted to the pitch channel can be either a 
single source of intelligence or the sumof all synchro in- 
formation of the pitch channel. 

The roll channel operates quite similar to the pitch 
channel with the exception of the directional gyro signal. 
The directional gyro (compass system) signal in earlier 
autopilot systems controlled the rudder of the aircraft. 
This method caused the aircraft to skid and slip in a turn, 
and this became increasingly dangerous with high speed 
aircraft. By applying the directional signal to the roll 
channel, the aircraft's turn is achieved by the ailerons. 
The roll channel also receives a signal from the roll 
synchro, located in the vertical gyro. The roll synchro 
detects any displacement error about the aircraft's longi- 
tudinal axis, similar to the earlier autopilots. The third 
signal source of the roll channel is derived from the roll 
rate gyro. The roll rate gyro (synchro) signal is de- 
veloped whenever the aircraft oscillates or yaws about 
its longitudinal axis. The signal outputis proportional to 
the rate of oscillation about the longitudinal axis. The 
stick controller furnishes the command signal to the roll 
channel, just as it did for the pitch channel. By viewing 
figure 10-14 (B) it can be seen thatif the control stick is 
moved from side to side, the roll maneuvering synchro 
will be rotated. The movement of the roll synchro rotor 
produces a roll command signal. 

The pilot may simultaneously introduce signals into the 
roll and pitch channel by moving the control stick of the 
controller. This is done when the pilot wishes to make 
turns or maneuver the aircraft. 
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The yaw channel is the simplest of the channels. It 
receives only one signal to cause the rudder to move. 
This signal is derived from the yaw rate gyro. The yaw 
rate gyro, which was explained earlier in this chapter, 
detects any oscillation or yawing of the aircraft about its 
vertical axis. The signal output of the rate gyro synchro 
is proportional to the rate of oscillation or yawing. The 
yaw channel that is shown in figure 10-13 is :sed only for 
stabilization. 

The automatic pilot system that you maintain may 
utilize additional signals. These could appear in any of 
the three channels. Basically, every autopilot will be 
similar to the typical system shown in figure 10-13. 

The stick-type controller, as mentioned before, con- 
tains various switches, potentiometers, pickoffs, and 
synchros through which the pilot can control the function 
of the autopilot (fig. 10-14 (A) and (B)). The controller 
contains the following switches—engage, damper, level, 
altitude, hold, damper selector, and emergency discon- 
nect. All operating controls are accessible from the top 
of the case that encloses the unit. 

The damper mode of autopilot operation can be engaged 
by pressing the damper button approximately twenty 
seconds after the engine has been started or after ex- 
ternal power has been supplied. The damper button 
must be depressed before full automatic pilot operation 
can be accomplished. If the damper button is depressed 
during flight and the aircraft is approximately in level 
flight, the engage button can be depressed and will remain 
down. Once the engage button has been pressed, the air- 
craft operates at full autopilot control. 

When the altitude button is depressed, the autopilot 
system will maintain the aircraft at the existing baromet- 
ric altitude. The altitude button is easily disengaged by 
displacing the autopilot control stick in pitch, or manually 
pulling up the button. The engage button must be de- 
pressed before the altitude button will remain down. 

The hold button, located on the top ofthe autopilot con- 
trol stick, is used to hold an attitude established by the 
autopilot control stick, thereby relieving the pilot of the 
necessity of holding the stick displaced. This button is 
pressed down after a desired attitude has been obtained. 
The aircraft can be returned to level flightby pressing the 
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level button or by moving the autopilot control stick 
slightly and temporarily out of detent in pitch and roll. 
The level button returns the aircraft to level flight from 
any attitude while under autopilot control and with the 
autopilot control stick in detent. 

The emergency disconnect button, when depressed, will 
disengage the damper system as well as autopilot control. 
Once the emergency disconnect button has been released, 
the entire autopilot engaging operation must again be per- 
formed in order to engage the autopilot. 


The stick controller also houses a pitch trim wheel 
which enables the pilot to make minor adjustments in the 
aircraft's pitch attitude when under autopilot control. The 
amount of trim in any direction will vary with the initial 
trim setting, but a total of approximately 27-1/2 degrees 
is available. The aircraft should be trimmed manually 
prior to full autopilot engagement. 


A roll trim potentiometer, located on the stick type 
controller, is used initially for rolltrimadjustment. This 
can be used to correct for a slight bank that may exist at 
the time the autopilot is engaged. 


These are some of the features that are incorporated 
in the later type automatic pilot systems. Becoming ac- 
quainted with the names and purposes of these controls 
will help you to better understand any autopilot that you 
may be required to maintain. For a detailed discussion 
of the theory of operation of these unitsand the sequence 
in which they operate, for a particular system, refer to 
the Handbook of Operation and Service Instructions. 


A new type of AFCS is being introduced to fleet opera- 
tions in the A4D-2N aircraft. It is called Control Stick 
Steering AFCS. Control Stick Steering means that the 
function of maneuvering the aircraft by means of the 
AFCS, which was formerly provided through the maneu- 
vering controller (as depicted in fig. 10-14 (A)), will now 
be provided in the pilot's stick or control wheel. Force 
transducers have been built into the pilot's control stick 
to supply the signal to the AFCS to maneuver the aircraft. 
Look for more information on this new AFCS system as 
more planes containing it are introduced into fleet opera- 
tions during the next several years. 
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Inspection and Maintenance 


Since the automatic pilot is considered a necessity in 
most present-day aircraft, instead of aluxury device as in 
earlier-day aircraft, maintenance problems have in- 
creased and acquired more importance. You will be 
required to perform maintenance at squadron and class C 
and D maintenance levels. In view of this, the Bureau of 
Aeronautics has implemented the following program to 
support fleet activities in maintaining flight control equip- 
ment presently installed in or planned for naval aircraft. 

1. Provide line maintenance testers to enable squadron 
personnel to analyze the qualitative condition of the units 
while installed in the aircraft and determine the malfunc- 
tioning units requiring replacement. 

2. Provide bench test kits to C andDlevel maintenance 
activities to completely facilitate testing and repair, as 
required, of all units or sets. Bench test kits will either 
be a complete system mockup with master junction box or 
test panel, or will have suitable signal simulators and test 
equipment to perform a functional check prior to installa- 
tion of all system units. Gyros, accelerometers, indi- 
cators and all hermetically sealed instruments not main- 
tainable at maintenance level will have functional test 
provisions provided. 

3. Provision these systems to reflect procurement of 
all plug-in units and parts usable at C and D levels of 
maintenance. Tabulation of items obtainable will be 
published in individual allowance lists, Section X series. 

4. Require preparation of Handbooks of Operation and 
Service Instructions according to a combination of specifi- 
cations MIL-H-6757A (ASG) and MIL-H-5474A, with 
waivers to provide the most practical handbooks for 
maintenance activities. Handbooks will list and detail 
proper checkout procedures utilizing line maintenance 
and bench test equipment. 

It is intended that the foregoing provisions, along with 
proper training, will completely cover all maintenance 
requirements and enable personnel to maintain fleet 
readiness of automatic flight control systems. 
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QUIZ 


The altitude controller used in AFCS systems pro- 
vides 
a. pitch stabilization 
b. a reference altitude for the human pilot 
c. a reference altitude for air traffic control 
d. a fixed altitude reference for automatic pilot 
operation 


The amplitude and direction of a given yaw rate gyro 
signal is 
a. dependent only on the direction of yaw 
b. unaffected by the rate of turn in a yaw 
c. detected, amplified, and routed to the rudder 
servo 
d. dependent onthe rate of turn and direction of a 
yaw 


In the yaw damper system, the error signal is origi- 
nated by a/an 

aneroid diaphragm 

rate generator 

rate gyro 

control transformer 


meee 


The purpose of the hold button in the AFCS system is 
to hold the 
a. autopilot out of engagement before warmup 
b. aircraft in an attitude selected through the con- 
trol stick | 
c. aircraft at a selected altitude 
d. autopilot in engagement before warmup 


The pitch synchronizing system in the pitch and yaw 
stabilization system 
a. provides a signal that cancels the pitch rate 
gyro signal when the aircraft is being maneu- 
vered manually 
b. provides followup for the elevator channel 
c. consists of a rate generator and rate synchro 
d. consists of an open servo loop 


Compass signals in the directional control circuit 
cause corrective action in the 

a. rudder channel only 

b. rudder and elevator channels 

c. aileron channel 

d, elevator channel only 
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8. 


10. 


Lhe 


12, 


The armature of the gain control unit will move to the 
aber (fig. 10-7) when the aircraft's 
a. airspeed increases 
b. airspeed decreases 
c. airspeed decreases and the aircraft's altitude 
decreases 
d, altitude increases and the airspeed decreases 


Vertical gyro units, as used in AFCS systems, detect 
a. roll about the aircraft's longitudinal axis, and 
yaw about the vertical axis 
b. yawabout the aircraft's vertical axis, and pitch 
about the lateral axis 
c. roll about the aircraft's lateral axis, and pitch 
about the longitudinal axis 
d. roll about the aircraft's longitudinal axis, and 
pitch about the lateral axis 


The direction in which the potentiometer arm moves 
within the airstream direction detector is determined 
by the 
a. aircraft's airspeed 
b. barometric pressure 
c. difference of air pressures onthe paddle cham- 
ber sides 
d. the sums ofair pressures onthe paddle chamber 
sides 


The vertical gyro pendulum erecting system utilizes 
a. gravity and momentum for reference 
b. the gyro mass for reference 
c. the earth's north pole for reference 
d, the earth's vertical axis for reference 


The airstream direction detector inthe pitch and yaw 
stabilization systems provides 

yaw damping at high speeds 

yaw damping at slow speeds 

airspeed indication at slow speeds 

up elevator when maneuvering the aircraft 


Pee 


The roll synchro generated output signal in the verti- 
cal gyro unit is proportional to the difference be- 
tween the 

a. gyro attitude and the roll syaehes rotor 

b. gyro attitude and the airframe attitude 

c. airframe attitude and the roll synchro stator 

d. gyro attitude and the roll erection pendulum 

stator 
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13. 


14, 


15. 


16. 


17. 


The yaw damper system detects any 
a. sudden movement of the aircraft 
b. sudden movement about the lateral axis of the 
aircraft 
c. sudden movement about the vertical axis of the 
aircraft 
d. change in attitude 
In an automatic pilot system for high-speed aircraft, 
the directional signal from the compass system is 


_ fed into the 


a. rudder channel 

b. rudder and aileron channel 

c. aileron channel 

d. rudder and elevator channel 
When in full automatic pilot mode, coordinated turns 
are assured at all speeds due to the 

a. pendulum control unit 

b. compass system 

c. vertical gyro unit 

d. stick controller 
The pitch and yaw stabilization system provides sta- 
bilization of the aircraft 

a. at all times when in flight 

b. when in flight and traveling only at high speeds 

c. when the wing slots are down 

d. when in flight and the wing slots are up 
The gain control unit used in the pitch and yaw sta- 
bilization system 

a. compensates for attitude and airspeed 

b. compensates for altitude and airspeed 

c. is controlled by ram air pressure 

d. is controlled by barometric pressure 
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CHAPTER 





PRESSURIZATION AND CABIN 
TEMPERATURE CONTROL 


Chapter 6 of the Navy Training Course, Aviation 
Structural Mechanic 3 & 2, Vol. 2, NavPers 10326, pre- 
sents information concerning aircraft pressurization and 
air conditioning systems. The chapter is concerned pri- 
marily with the mechanical aspects of the various com- 
ponents of these systems. As an AE, you are concerned 
primarily with the electrical aspects of these systems. 
However, the information contained in AM 3 & 2, chapter 
6, can be of much help in enabling you to perform your 
electrical work better and you should become familiar 
with it. 

Most present day aircraft require cabin or cockpit 
air pressure and temperature control because of the ex- 
treme speeds and altitudes at which they operate. The 
reason for cabin pressurizationis to maintain an altitude 
pressure level withinthe cabin, below the outside altitude 
pressure at which the aircraft is flying. 


The system which maintains cabin air temperature to f 


meet the requirements for pilot efficiency is the air 
conditioning system. The sources of heat which make 
cabin air conditioning necessary are: (1) ram-air tem- 
perature, (2) engine heat, (3) solar heat, (4) electrical 
heat, and (5) body heat (personal). 

Ram-air temperature is the frictional temperature 
created by ram compression on the skin surface of an 


aircraft. This factor becomes serious only at extreme? 
air speeds. For example, if an aircraft were flying at} 
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45,000 feet, at a speed of 1,200 m.p.h., the ram-air tem- 
perature would be about 200° F. on some parts of the 
aircraft. This extreme temperature plus the heat from 
the other sources would cause the cockpit temperature to 
rise to about 190° F. The maximum temperature that a 
pilot can stand and still maintain physical and mental 
efficiency is about 110° F. Prolonged exposure to a tem- 
perature greater than 110° F. will seriously impair his 
mental and physical condition. 

It will be necessary that you become familiar with 
some terms and definitions to fully understand the oper- 
ating principles of pressurization and air conditioning 
systems. These are as follows: 

1. ABSOLUTE PRESSURE—pressure measured 
along a scale which has zero value at a complete 
vacuum. 

2. ABSOLUTE TEMPERATURE—temperature meas- 
ured alonga scale which has zero value at that point where 
there is no molecular motion (-273.1° C. or -459.6° F.). 

3. ADIABATIC—aword meaning no transfer of heat. 
The adiabatic principle is one in which no heat is trans- 
ferred to or from the working substance and any outside 
source. 

4. AIRPLANE ALTITUDE—the actual height above 
sea level at which an airplane is flying. 

9. AMBIENT TEMPERATURE—the temperature in 
the area immediately surrounding the object under dis- 
cussion. | 

6. AMBIENT PRESSURE—the pressure in the area 
immediately surrounding the object under discussion. 

7. STANDARD BAROMETRIC PRESSURE—the 
weight of gases in the atmosphere sufficient to hold up a 
column of mercury 760 millimeters high (approximately 
30 inches)—at sea level (14.7 p.s.i.). This pressure de- 
creases with altitude on a logarithmic scale. 

8. COCKPIT ALTITUDE—used to express cockpit 
pressure in terms of equivalent altitude above sea level. 

9. DIFFERENTIAL PRESSURE—the difference in 
pressure between the pressure acting on one side ofa 
wall and the pressure acting onthe other side of the wall. 
In aircraft air conditioning and pressurizing systems, it 
isthe difference between cabin pressure and atmospheric 
pressure. 
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10. GAGE PRESSURE—a measure of the pressure in 
a vessel, container, or line, as compared to ambient 
pressure. 

11. RAM-AIR TEMPERATURE RISE—the increase 
in temperature created by the ram compression on the 
surface of an aircraft traveling at a high rate of speed 
through the atmosphere. The rate of increase is propor- 
tional to the square of the speed of the object. 

12. TEMPERATURE SCALES— 

a. CENTIGRADE—a heat measurement in which 
0° C. represents the freezing point of water and 100° C. 
is equivalent to the boiling point at sea level. 

b. FAHRENHEIT~a heat measurement in which 
32° F. representsthe freezing point of water and 212° F. 
is equivalent to the boiling point at sea level. 

There are five basic requirements for cabin pressur- 
izing and air conditioning systems: 

1. A pressurized area of the aircraft, usually the 
cockpit or cabin, designed to withstand the specified 
pressure differential. 

2. An adequate source of compressed air. 

3. A means of controlling the cabin pressure by 
regulating the outflow of air from the cabin. 

4. A means of dumping all regulated air from the 
cabin and provisions for obtaining fresh air. 

5. A means of conditioning (in most cases cooling) 
the compressed air before it enters the cabin. 

Requirement 1, the design of the cabin to withstand 
the pressure differential and hold leakage of air within 
the limits of the pressurization system, is primarily an 
airframe engineering and manufacturing problem. Re- 
quirement 2, an adequate air supply, is provided by a 
separate air compressor or air from the compressor 
section of the aircraft's jet engine. Requirement 3, con- 
trol of the outflow of air from the cabin, is provided by 
the cabin pressure regulator. Requirement 4, rapid 
expulsion of air that may be contaminated, is done through 
the cabin dump valve. This may be operated by either a 
lever or an electrical switch. Simultaneously, fresh ram 
air may be brought into the cabin through the ram-air 
valve. Requirement 5, a means of conditioning (cooling) 
air, is provided by an aircraft refrigerator unit. 
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In addition to the components just discussed, various 
valves, controls, and allied units are necessary to com- 
plete a cabin pressurizing and air conditioning system. 

When auxiliary systems such as windshield anti-icing, 
canopy defrosting, pressurized canopy sealing, pressur- 
ized fuel tanks, and pressurized hydraulic tanks are re- 
quired, additional shutoff valves and control units are 
necessary. 

Figure 11-1 shows a typical cockpit pressurizing and 
air conditioning system. 


PRESSURE AND HEAT SOURCE 


Hot high-pressure air comes from a compressor, 
such as a supercharger, or the compressor section of a 
jet engine. The temperature of the bleed air delivered 
to the pressurizing and air conditioning system will be 
300° to 800° F. The pressure of this air will be from 
75 to 250 p.s.i. 

The temperature of this air being delivered to the 
cockpit must be cooled to the point where the pilot's 
efficiency is not impaired. Normally, this isfrom 60° F. 
to 80° F., depending on the pilot himself. In addition to 
reducing the temperature, the pressure of the air is also 
reduced. Atmospheric pressure at sea level is approx- 
imately 14.7 p.s.i. Cockpit pressure is maintained as 
near as is practical to sea level pressure. As altitude 
increases, the atmospheric pressure decreases. Modern 
aircraft have traveled at altitudes where the atmospheric 
pressure is only 1 p.s.i. 

If an unprotected pilot were exposed to this air pres- 
sure, he would be seriously injured or killed. It is man- 
datory that all aircraft having an operating altitude of 
35,000 feet or greater be equipped with pressurizing 
equipment. 

Pressure regulating equipment will be covered later 
in this chapter. 


Primary Heat Exchanger 


The primary heat exchanger (fig. 11-1) is the first 
stage of cooling the hot air coming fromthe compressor. 
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Figure 11-1.—Typical cockpit pressurizing and air conditioning system 


schematic. 


It is located downstream from the compressor and is 
similar to an automobile radiator. The hot air travels 
through metal cores in the same manner as water in the 
automobile radiator travels through the radiator core. 
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« Figure 11-1.-Typical cockpit pressurizing and air conditioning system 
schematic—Continued. 


t Cold ram air passes over the primary heat exchanger 
- core in much the same manner as air is pulled through 
i the automobile radiator by the fan. 
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This is called air-to-air cooling. The flow of the cold 
ram air is regulated by an air-modulating valve. With 
the valve in the fully open position, the cold ram air is 
not restricted. This allows maximum cooling of the hot 
air passing through the primary heat exchanger core. 
With the modulator valve closed, there will be no air-to- 
air cooling. 

The position of the air-modulating valve is controlled 
by a d-c, split-field, electric motor. This motor is con- 
trolled either manually or automatically. In the manual 
mode, the pilot has direct control of the air-modulating 
valve through the temperature control switch. This con- 
trol switch (cockpit air temperature) is labeled off, 
hotter, normal, colder. If the switch is actuated to the 
hotter position, the air-modulating valve motor will run 
in a direction to close the air-modulating valve. This 
allows less cold ram air to pass over the primary heat 
exchanger core. 

If the switch is actuated to the colder position, the 
motor will drive the air-modulating valve open, allowing 
maximum cold ram air to pass over the cores of the 
primary heat exchanger. The modulating valve can be 
positioned any place from fully opened to fully closed 
depending on how long the switch is held in the selected 
position. 

In the automatic mode, the air-modulating valve is 
controlled by a bridge and amplifier circuit. This auto- 
matic system has control of the modulating valve when 
the cockpit airtemperature switchis placed inthe normal 
position. Automatic control will be covered in more de- 
tail later in this chapter. 

The primary heat exchanger will cool the hot air toa 
temperature of approximately 325° F., whenthe modulat- 
ing valve is fully open. During normal operation, this 
air is sent through another stage (secondary heat ex- 
changer) of cooling before it is used in the cockpit. 


Secondary Heat Exchanger 


The secondary heat exchanger is the next stage for 
cooling the warm air that leaves'the primary heat ex- 
changer. Figure 11-2 shows an aircraft refrigeration 
unit. This unit is a typical secondary heat exchanger. 
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Figure 11-2.—Typical aircraft refrigeration unit. 


Some installations use more than one primary heat 
exchanger. These primary exchangers operate on the 
principle of air-to-air cooling. The final stage of cooling 
will always employ the adiabatic principle. The adiabatic 
principle of operation is one in which no heat is trans- 
ferred to or from a working substance: That is, the final 
cooling of cabin air is accomplished by means of rapid 
expansion, rather than exchange of heat. 
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The warm air from the primary heat exchanger enters 
the cabin air inlet (fig. 11-2). The inlet air passes 
through metal cores just as it did in the primary heat 
exchanger. At the same time, cooling air flows over the 
metal cores and again cools the cabin air by the air-to- 
air process. As the cooled cabin air leaves the cores, 
it is routed into an expansion turbine section. The cool- 
ing turbine operates on the principle of expanding air 
suddenly. This rapid expansion causes the airto become 
still cooler. The cooling air discharge impelleris driven 
by the expansion turbine. This impeller boosts the flow 
of cooling air through the heat exchanger, thus increasing 
the efficiency of the refrigeration unit. 

The Aviation Structural Mechanic is responsible for 
the maintenance and installation of heat exchangers, 
turbines, ducting, and various mechanical valves. The 
Aviation Electrician will be required to troubleshoot and 
maintain the electrical controlling features of the pres- 
surizing and air conditioning system. 


Mixing Valve 


The mixing valve is enclosed in an aluminum alloy 
housing and is actuated by an electric motor. This valve 
is a modulating type and serves as a means Of propor- 
tioning the hot and cold air to the aircraft's cabin. (See 
fig. 11-1.) The valve has an inlet port and two outlet 
ports. It is connected into the system so that the hot 
compressed air is supplied to the inlet port of the valve. 
One of the outlet ports is connected to the inlet /of the 
refrigeration unit. This is called the cold side of the 
valve because air from the port becomes cold air after 
it passes through the refrigeration unit. The other outlet 
port of the mixing valve is connected to a line which by- 
passes the refrigeration unit. This port is connected to 
the cabin air supply line. The mixing valve contains two 
butterfly valves that are mounted on a common shaft. 
One of these valves is in each outlet port. They are 
mechanically arranged so that when either is fully closed, 
the other is fully open. As the actuator is operated 
through its-cycle, the closed side will begin to open and 
the open side will close a proportionate amount. In this 
manner, it is possible to proportion the hot compressed 
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air to or around the refrigeration unit without affecting 
the airflow through the system. The mixing valve is 
operated according tothe demands of the cabin tempera- 
ture system, resulting in its assuming an infinite number 
of positions between either extreme, thus controlling the 
temperature of the air delivered to the cabin within 
specified values. 

The motor that actuates the valve is a split-field, d-c 
type motor, thatis equipped with a magnetic brake. Con- 
tacts inside the motor housing break the circuit to the 
individual fields when the actuator is either in the fully 
opened or fully closed position. The reason for this is 
to prevent the motor being overloaded. If the actuator is 
in the fully closed position, the contact breaking the cir- 
cuit to the motor field will complete a circuit to the 
modulating valve motor of the primary heat exchanger. 
This causes it to restrict the flow of ram air, thus allow- 
ing more hot air to reach the cockpit. This will be 
described in more detail when temperature control is 
discussed. 


ELECTRONIC CABIN TEMPERATURE 
CONTROL SYSTEM 


The operation of the electronic temperature control 
system is based primarily onthe balanced bridge circuit 
principle. When any of the units which compose the "legs" 
of the bridge circuit changes resistance value due to a 
temperature change, the bridge circuit becomes unbal- 
anced. An electric regulator receives an electrical signal 
as a result of this unbalance and amplifies this signal to 
effect the control of the primary modulating and mixing 
valve actuators. 

In a typical application of the electronic temperature 
control system, three units are utilized. Theyare: (1) the 
electronic regulator; (2) the manual temperature selector, 
and (3) the cockpit temperature pickup (thermistor). 

Figure 11-3 shows a simplified schematic diagram of 
an electronic temperature control system. 


Cockpit Temperature Pickup Unit 


The: cockpit temperature pickup unit serves as the 
temperature sensing unit of the cockpit. This unit consists 
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Figure 11-3.—Simplified schematic diagram of an electronic temperature 
control system. 


ofa resistor that is highly sensitive to temperature 
changes. The cockpit temperature pickup unit is usually 
located in the cockpit or cockpit air supply duct. As the 
temperature of the air supply changes, the resistance 
value of the pickup unit also changes, thus causing the 
voltage drop across the pickup to change. The cockpit 
temperature pickup is a thermistor-type unit. As the 
ambient temperature of the resistance bulb increases, 
the resistance of the bulb decreases. 


Cockpit Air Temperature Selector 


The air temperature selector (fig. 11-3) is a rheostat 
located in the cockpit and is controlled by the pilot. It 
permits selective temperature control by varying the 
effective temperature control point of the cockpit air 
temperature pickup unit. The selector is labeled cold 
and hot. No specific temperature division markings are 
on the control knob. The rheostat causes the cockpit 
temperature pickup unit to demand a specific supply air 
temperature and does not reflect the temperature that 
will exist in the cockpit at any given time. 


Cockpit Air Temperature Control Regulator 
The cockpit air temperature control regulator, in con- 
junction with the cockpit air temperature selector rheostat 
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and the cockpit air duct temperature pickup unit, auto- 
matically maintains the temperature of the air entering 
the cockpit at a preselected value. The cockpit tempera- 
ture regulator is anelectronic device with a temperature 
regulating range. In some installations this range may 
extend from as low as 32° F. to as high as 117° F. 

The output of the regulator controls the position of 
the butterfly valves in the air-modulating and mixing 
valves, thus controlling the temperature of the inlet air 
to the cockpit. 


Typical System Operation 


Figure 11-4 shows an electrical schematic of a typical 
air temperature control system. 

In most air temperature control systems, there will 
be one switch located in the cockpit to select the mode of 
temperature control. Usually, this switch (cockpit air 
temperature control switch) will have four positions—off, 
normal, hot, and cold. In the off position, the air tem- 
perature control system is inoperative. With the switch 
in the normal position, the air temperature control sys- 
tem is in the automatic mode. With the switch in either 
the hot or cold position, the air temperature control sys- 
tem is in the manual mode. 

OFF POSITION.—With the cockpit air temperature 
switch in the off position, the pilot has no control of the 
cockpit air temperature. 

The cockpit air temperature may become very hot or 
very cold, depending on the position of the butterfly valves 
of the mixing valve and air-modulating valves. Since 
these valves are actuated by d-c motors, it is possible 
that they were left in the full hot or full cold position 
when the system was last operated. | 

MANUAL MODE.-—In the manual mode, the pilot can 
change the position of the butterfly valves by selecting 
hot or cold. This directs d-c current to the hot-field or 
cold-field winding of the actuator. When the pilot uses 
this mode, it will be necessary for him to place the con- 
trol switch in the off position after the valves have 
traveled to a position at which the system is delivering 
the desired air temperature to the cockpit. 
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AUTOMATIC MODE.-—In the automatic mode, the con- 
trol switch will be placed in the normal position. This 
allows the d-c current to be controlled by the regulator. 

The cockpit selector rheostat and the cockpit air 
pickup unit (thermistor) determine the direction and 
amount of rotation of the mixing and modulating valves 
motors. This function is controlled in the cabin air 
temperature regulator. It can be seen (fig. 11-4) that 
the cockpit selector rheostat and the cockpit air pickup 
unit are connected into a bridge circuit which also in- 
cludes two thermistors that are located in the regulator. 

The bridge circuit is energized by an a-c source (T). 
If the resistance of the cockpit air pickup unit and the 
cockpit selector rheostat were equal, then points A and 
B would have no potential difference. 

Note that points A and B are the signal reference 
points for v1 (grid and cathode). If the cockpit air tem- 
perature increases, the resistance value of the cockpit 
air temperature pickup unit decreases, since the flow of 
the air passes over the pickup unit. This decrease in 
resistance of the pickup unit causes the voltage drop 
across the pickup unit to decrease, resulting in a poten- 
tial difference between points A and B. 

This signal, which isimpressed on the grid of v1, goes 
through two stages of voltage amplification (v1 and v2). 
The amplified signal is parallel to the grids of two 
thyratron tubes (V3 and v4). The thyratron tubes are used 
for signal-phase detection. For example, if the signal 
on the grid of V3 is in phase with the plate of V3, V3 will 
conduct, causing current to flow through the coil of relay 
1 (k1). This will cause the contacts of K1 to be pulled 
down. One set of contacts completes a circuit for d-c 
current flow to the cold-field coil of the mixing valve 
motor. This directs more air through the refrigeration 
unit, thereby cooling the cockpit air temperature. At the 
Same time, the remaining set of contacts of K1 completes 
a source of a-c power (T3) to the heating element of 
thermistor No. 1 of the bridge circuit. This causes the 
resistance of thermistor No. 1 of the bridge circuit to 
decrease. The resultant change in the voltage drop 
across thermistor No. 1 results in a balanced bridge 
across points A and B. This, in turn, causes relay (X1) 
to become deenergized, stopping the rotation of the mixing 
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valve motor. At this point, heater voltage is removed 
from thermistor No. 1 and it cools, thereby again unbal- 
ancing the bridge. This causes the mixing valve motor 
to drive farther towards the cool position allowing still 
more refrigerated air to enter the cabin. This cycling 
continues until the voltage drops across the cockpit pickup 
unit and the cockpit selector rheostat are equal. 

Had the cabin air temperature been colder than the 
selected setting, the bridge would have become unbalanced 
in the opposite direction. This would have caused relay 
K2 in the regulator to become energized, thus energizing 
the hot-field coil of the mixing valve motor. 

The bridge may also be unbalanced by another method. 
This is done by repositioning the cockpit selector rheo- 
stat. Again the mixing valve moves to regulate the tem- 
perature of the air until the bridge is rebalanced. 


COCKPIT PRESSURIZING SYSTEM 


The cockpit pressurizing system provides control of 
the pressurized air which is supplied to the cockpit by 
means of the air conditioning system ducts. This air is 
from the engine compressor section. Acockpit air pres- 
sure regulator maintains either of two manually selected 
cockpit air pressure schedules. These are referred to as 
combat schedule or normal schedule. 

The first of these schedules (combat) consists ofa 
nonpressurized cockpit from sea level to 10,000 feet and 
a constant 10,000-foot cockpit altitude pressure from an 
airplane altitude of 10,000 feet to 18,000 feet. The com- 
bat schedule also maintains a 2.75 p.s.i. cockpit differ- 
ential at all altitudes above 18,000 feet. 

The alternate schedule (normal) consists of a non- 
pressurized cockpit from sea level to 10,000 feet anda 
constant 10,000-foot cockpit altitude from an airplane 
altitude of 10,000 feet to 26,500 feet. This schedule also 
provides a 5 p.s.i. cockpit differential at all altitudes 
above 26,500 feet. 

The cabin pressure regulator employs a solenoid 
valve. When this solenoid valve is energized with 27 
volts d.c., it positions a metering valve and provides an 
alternate air pressure schedule of 5 p.s.i. differential 
pressure. With the solenoid deenergized, the metering 
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valve provides an air pressure schedule of 2.75 p.s.i. 
differential. 


ADDITIONAL VALVES 


If the cockpit air becomes contaminated or the pres- 
surization system fails, a ram-air valve will allow ram 
air to enter the cockpit and leave by the dump valve. 
This action clears the cockpit of contaminated air. When 
the ram-air valve is opened, the normal compressor air 
supply is shut off by means of the system shutoff valve. 
Normally, these valves are operated electrically by a 
single switch in the cockpit, labeled RAM ENERGIZING. 
Refer to figure 11-1 for the location of these valves in a 
typical pressurizing and heating system. 


ANTI-ICE AND DEFROST SYSTEM 


The anti-ice and defrost system on most aircraft that 
employ the heating system and pressurization system 
described in this chapter will use the same air source. 
The anti-ice and defrost system consists of the following 
three systems—windshield anti-ice, windshield defrost, 
and windshield rain removal. Each receives its hot air 
supply from a common manifold. The manifold is kept 
at a set temperature by a regulating system similar to 
the cabin air temperature system. (Refer to fig. 11-1.) 


QUIZ 


1. Explosive decompression occurs when the cockpit 
air pressure is 
a. slowly dropped from 14.7 p.s.i.to about 2p.s.i. 
b. instantly dropped from 14.7 p.s.i. to 10 p.s.i. 
c. instantly dropped from normal cabin pressure 
to outside pressure at 35,000 ft. altitude or 
above 
d. instantly dropped from normal cabin pressure 
to outside pressure at 12,000 ft. altitude or 
below 
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The primary air modulating valve controls he 
a. amount of compressed air to the press. rizing 
system 
b. pressure of the compressed air to the de- 
frosting system 
c. pressure ofthe compressed air to the air con- 
ditioning system 
d. temperature of the air from the primary heat 
exchanger 
When the ram-air switch is placed in the ram-air 
position, the 
a. cockpit remains on the 2.75 pressurization 
schedule 
b. system shutoff valve opens 
c. dump valve closes 
d. canopy seal deflates 
Which of the following does not contribute to cabin 
temperature ? 
a. Engine heat 
b. Solar heat 
c. Adiabatic heat 
d. Body heat 
Ram-air temperature is caused by 
a. plenum pressure in the intake 
b. motion of air across the skin surface 
c. speed of the exhaust gases 
d. heat of the air in the pitot tube 
In the secondary heat exchanger the 
a. cooling air impeller and the expansion turbine 
are on a common shaft 
b. cooling air impeller and the expansion turbine 
are on separate shafts 
c. cooling air impeller boosts the flow of air to 
the expansion turbine 
d. adiabatic principle is not used 
The mixing valve 
a. shuts off the flow of air to the cabin 
b. allows hot air to be routed only to the secondary 
heat exchanger 
c. allows hot air to be routed to the defrosters 
d. apportions hot and cold air to the cabin 
The electronic temperature control bridge has 
a. two variable resistors and two fixed re- 
sistors 
b. two variable resistors and two thermistors 
c. four variable resistors in a balanced bridge 
circuit 
d. four variable resistors inan unbalanced bridge 
circuit 
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10. 


ll. 


12. 


13. 


14, 


The anti-ice and defrost system is controlled by 
a. the mixing valve 
b. the pressure regulator 
c. the cockpit air conditioning unit pickup 
d. a separate temperature control system 


Which of the following describes cockpit differential 
pressure? 
a. The difference betweenatmospheric and cock- 
pit pressure. 
b. The sum of atmospheric andcockpit pressure. 
c. The difference between barometric and abso- 
lute pressure. 
d. The difference between cockpit pressure and 
sea level pressure. 


The cockpit combat pressure differential is regulated 
at 

5 p.s.i. differential to 10,000 ft. 

2.75 p.s.i. differential to 18,000 ft. 

2.75 p.s.i. differential above 18,000 ft. 

5 p.s.i. differential above 18,000 ft. 


The cabin pressure is determined by the 

system shutoff valve 

air flow venturi 

cabin pressure regulator 

cabin pressure regulator and cooling air bypass 
valve 
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The pilot places the selector switch in the hot posi- 
tion until full hot is reached. He then places the 
switch in the normal position. What will happen to 
the cabin temperature ? 

a. The temperature will be controlled in the auto- 
matic mode. 7 
The temperature will go to full cold. 
The temperature will stay at full hot. 
The temperature will start to decrease. 


eS 


After changing the cockpit temperature manually, the 
selector switch should be placed in the 

hot position 

cold position 

normal position 

off position 


Rone 
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1D: 


16. 


17. 


18. 


19, 


20. 


The opening of the ram-air valve used in aircraft 
cabin pressurization systems will 
a. allow outside air to dissipate the refrigerator 


unit heat 

b. proportion ram-air with the compressor air 
supply 

c. automatically stop the refrigeration unit's 
turbine 


d. clear cockpit of contaminated air 
The heating element of thermistor No. 1 becomes 
hot when 
K2 is energized 
V4 is conducting 
V3 is conducting 
. air temperature control switch is in the HOT 
position 
A pressurizing air conditioning system must utilize 
a. a source of compressed air 
b. a means of controlling the exhaust 
c. a means of cooling the inlet air 
d. all of the above 
The heat source for a cabin air conditioning and 
pressurizing system is 
a. any source of hot compressed air 
b. a gasoline heater only 
c. an electric heater only 
d. solar heat 
Tubes V1 and V2 of the regulator unit (fig. 11-4) are 
a. voltage amplifiers 
b. signal discriminators 
c. in parallel 
d. power amplifiers 
Relay K2 of the regulator unit controls the current to 
a. V4 
b. thermistor No. 1 
c. the hot field of the mixing valve motor 
d. the cold field of the mixing valve motor 
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PROPELLER SYNCHRONIZATION 


The jet aircraft has come into wide use in naval avia- 
tion during the past several years. During this time the 
propeller-driven reciprocating engine aircraft has been 
substantially pushed into the background by itsnewer and 
faster successor. However, there remains a number of 
types of missions for which the jet is poorly suited. 
Among these are long-range patrol flights, antisubmarine 
warfare, and radar picket work. Propeller-driven air- 
craft are better suited than jets to perform these mis- 
sions. The R7V, WV-2, S2F, P2V,and P5M are propeller- 
driven planes now being used by the Navy. All of these 
aircraft use reversing-type hydromatic propellers which 
are equipped with a propeller synchronizing system. 

A reversing hydromatic propeller is one in which pro- 
vision is made for obtaining a negative blade angle. With 
a negative angle, a propeller produces a thrust which acts 
in the opposite direction to that normally produced by the 
propeller in flight. Negative thrust is useful in landing 
large multiengine aircraft on short runways. 

The propeller synchronizing system provides a flexible 
means of controlling and synchronizing engine speed. 
Among the features provided are: (1) limited range syn- 
chronization, (2) positive positioning of propeller gover- 
nors against the high r.p.m. stops at takeoff, (3) speed 
adjustment of all engines throughout the entire operating 
range by a single master control lever, and (4) separate 
adjustment of each propeller governor by individual pitch 
control switches. 
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This chapter is written primarily to explain the elec- 
trical characteristics of the synchronizing system of the 
hydromatic propeller. It will be necessary at times to go 
into the detailed operation of the hydromatic propeller 
system components. The mechanical operation of these 
components functions directly with the electrical circuit. 
If you are not familiar with the essentials of aircraft 
propeller operation, it is suggested you become familiar 
with them. A suggested reference is the Navy Training 
Course, Aviation Machinist's Mate 3, NavPers 10338, 
chapter 12. 

The hydromatic propeller is a constant speed type in 
which adjustments of the blade angle can be accomplished 
during engine operation, either in the airoron the ground. 
Blade angle change is controlled by means of a 
mechanical-hydraulic system which is regulated by the 
action of a governor. 


DOUBLE-ACTING TYPE GOVERNOR 


The engine-driven governor is a constant speed control 
unit of the flyweight type. It consists of a gear pump, a 
pilot valve, and a relief valve system. The gear pump 
boosts the engine oil pressure to the value required for 
propeller operation. The pilot valve is actuated by the 
flyweights and controls the flow of oil through the gover- 
nor. The relief valve system regulates the operating 
pressure in the governor. 

The propeller governor provides the required oil pres- 
sure on the propeller pistons to maintain a desired propel- 
ler pitch. The r.p.m. at which the propeller operates is 
determined by the setting of the speed control in the 
governor head. The governor head is mounted on top of 
the governor body. Figure 12-1 showsa typical governor 
assembly. 

The governor head consists of a permanent magnet 
rotor, three-phase windings, and mechanical stops. The 
three-phase windings receive a changing d-c polarity cur- 
rent which controls the movement of the permanent magnet 
rotor. The rotor is allowed to rotate clockwise or coun- 
terclockwise, depending on the polarity of the d-c currents 
impressed on the three-phase windings. The rotor is 
connected to a rack in the governor body. This rack, when 
moved by the rotor, will cause the speeder spring in the 
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Figure 12-1.—Double-acting governor and governor head. 


governor to become more compressed or less com- 
pressed. When the governor head raises the rack, the 
compression in the speeder spring is decreased, and the 
engine r.p.m. necessary to establish balance between the 
centrifugal force of the flyweights and the force of the 
speeder spring is decreased. The onspeed condition is 
established when a state of equilibrium exists between 
two forces. 
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When the governor head lowers the rack, the compres- 
sion in the speeder spring is increased, and the engine 
r.p.m. necessary to establish balance between the centri- 
fugal force of the flyweights and the force of the speeder 
spring is also increased. 

GOVERNOR HEAD CONTROL.—There are three sep- 
arate ways (modes) of controlling the governor head. They 
are: (1) toggle switch control (manual control), (2) syn- 
chronizer control, and (3) master lever control. All of 
these modes of control are originated in the cockpit by the 
pilot setting certain switches. 


Manual Control 


The manual control mode of the governor head utilizes 
the following components: 

1. A double-pole, double-throw toggle switch for each 
governor head to be controlled. These toggle switches 
are located in the cockpit on a control stand. 

2. A commutator switch assembly. This assembly is 
located inside the synchronizer unit. 

3. Two manual override relays. Each relay has four 
armatures (poles), and each armature completesa circuit 
to one of two circuits. 

Figure 12-2 shows a schematic diagram of the manual 
control mode. 
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Figure 12-2.—Governor head manual control schematic diagram. 
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The toggle switch receives 27 volts from the d-c bus. 
Selecting an increase or decrease r.p.m. position on the 
switch causes a manual override relay to be energized. 
The manual override relay has four armatures (poles). 
One of these armatures completes a circuit to the d-c 
- motor of the commutator switch. Eachofthe other three 
armatures completes a circuit between a commutator 
switch and the governor head. 

The commutator switches are connected to a common 
shaft of the d-c motor. Each commutator switch has three 
armatures, which are arranged so that one armature will 
have a positive d-c voltage applied to it, the other a nega- 
tive d-c voltage, and the third zerovoltage. As the com- 
mutator motor rotates, the armatures will also rotate, 
causing the voltage polarity to change. One complete 
cycle will cause each armature to have had three different 
polarities—positive, negative, and zero. This changing 
d-c polarity appears across the three windings of the 
governor head, resulting in a rotating field. This rotating 
field causes the permanent magnet rotor of the governor 
heads to rotate. 

The governor head rotor can be made to rotate in the 
opposite direction by changing any two leads of the com- 
mutator switch. This is done by actuating the toggle 
switch in the opposite direction. The commutator motor 
will still turn in the same direction due to a jumper wire 
on the toggle switch. 

Each toggle switch controls one governor head. These 
heads may be controlled oneata time, or all may be con- 
trolled at the same time. When the governor head has 
reached the high r.p.m. or low r.p.m. mechanical stops, 
-a ground circuit is completed to a pitch indicator light in 
the cockpit. 


Synchronizer Control 


The synchronizer control mode utilizes the aircraft's 
tachometer generators for sensing difference of engine 
r.p.m. between the master engine andoneor more slaved 
engines. While in the synchronizer control mode, the 
system controls the slaved engine or engines governor 
head. The master engine is used for r.p.m. reference. 
This is accomplished by the following components in the 
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synchronizer unit: (1) differential motor, (2) synchro- 
nizer commutator switch, (3) master engine switching 
relay, (4) manual override relay, and (5) a synchronizer 
limiter. 


The output of the master engine tachometer generator 
is connected to one of the two mechanically linked syn- 
chronous motors in the differential motor unit. The output 
of the slaved engine tachometer generator is connected to 
the other mechanically linked differential motor. These 
motors and their gear trains are linkedin such a manner 
that no shaft rotation to operate the commutator switch 
results unless the motor speeds are different. The shaft 
rotation starts with motor speed differences caused by an 
increase or decrease of the frequency of the slaved engine 
tachometer generator relative to the frequency of the 
master engine tachometer generator. In this application 
the mechanical differential assembly drives the com- 
mutator switch to energize the slaved engine governor 
head in the direction required to synchronize the engines. 


A mechanical limiting device of the mechanical dif- 
ferential assembly limits the synchronizing to approxi- 
mately three percent of the masterengine r.p.m. Thus, an 
abnormal increase or decrease in the r.p.m. of the master 
engine or even failure of the master engine cannot cause 
the slaved engine r.p.m. to change beyond this limit. A 
torsion spring device recenters the limiting unit each 
time the resynchronize button on the control stand is 
pressed. 


Figure 12-3 shows a schematic diagram of the syn- 
chronizer control mode. 


The synchronizing control mode is usually used after 
the engines have been manually synchronized by the toggle 
switch mode. The pilot must first close the master lever 
and synchronizer control switch in the cockpit. This 
allows the engine tachometer generators and the differ- 
ential motors to be connected to each other, and also con- 
nects the synchronizer commutator switch to the slaved 
engine governor head. 


The toggle switch control mode will override the syn- 
chronizer control mode any time the pilot toggles the 
toggle switch. 
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Figure 12-3.—Synchronizer control mode schematic diagram. 


Master Lever Control 


The master lever control mode (blue section of fig. 
12-4) allows both engines to be controlled simultaneously 
by one lever movement. A leverlocatedin the cockpit is 
connected through a cable to a pulley arrangementon the 
synchronizer unit. 

The pulley is connected to an off-seeking, reversible, 
followup switch. This switch energizes one of two relays, 
which determines the direction the master motor of the 
master lever commutator switch will rotate. The master 
motor serves two functions: (1) to drive the off-seeking 
switch back to the null (off) position, and (2) to drive the 
master lever commutator switch. The master lever com- 
mutator is designed like the other commutator switches 
used in this system. It supplies a changing d-c polarity 
to both slaved and master governor heads, resulting in 
both engines changing their r.p.m. simultaneously. 

The speed settings are proportional to the master lever 
movement. Any time the lever inthe cockpit is advanced 
to takeoff position, both governors are set to their positive 
high r.p.m. stops, and the synchronizing feature is cut out 
so that failure of the master engine on takeoff will have no 
effect upon the slaved engine. This is accomplished by 
three takeoff relays. 

These takeoff relays are controlled by the high- and 
low-limit switches of the governor heads. When the 
governor head high-limit switch closes, it completes a 
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ground for two of the three relays. When energized, these 
two relays apply d-c power tothe thirdrelay. This relay, 
in turn, assures that the governor heads remain at the 
high r.p.m. settings until the master lever is brought 
back from takeoff position. 

Figure 12-4 shows a complete schematic diagram of 
the propeller synchronizer system. This system utilizes 
the three modes of operation that have been described. 
When studying these circuits refer to the written material. 

Figure 12-5 shows an exploded view of a two-engine 
synchronizer. The preceding material in this chapter ex- 
plained the operation of a two-engine synchronizing sys- 
tem. A four-engine synchronizing system is similar to 
the two-engine system, except for additional relays, dif- 
ferential motors, and commutator switches. 

For complete information on installation, service in- 
spection, maintenance, and lubrication of the hydromatic 
propeller synchronizing system refer to the Handbook of 
Operation and Service Instructions, AN 03-20CC-30, and 
the Handbook of Overhaul Instructions, Synchronizers, 
AN 03-20CE-1. 

In addition to maintaining the synchronizing system, 
the AE will be called on to aid the AD with troubleshooting 
the feathering, unfeathering, reversing, and unreversing 
systems of the hydromatic propeller system. 


DOUBLE-ACTING GOVERNOR CONTROL 
Feathering Operation 


The feathering circuit contains the following compo- 
nents: a feathering switch, a pressure switch, one two- 
pole relay, two blade switches, and a feathering pump. 

The feathering switch, as illustrated in figure 12-6,is 
a double-throw, neutral-off type switch with a holding coil 
that acts when the button is pushed in. The button must 
be held out manually. Push in to feather, and pull out to 
unfeather. One switch is required for each propeller, and 
it is mounted in the cockpit to permit quick operation. 

A pressure switch is located within the propeller 
governor. It is normally closed and completes a ground 
for the holding coil of the feathering switch. When the 
propeller blades reach full feather, the oil pressure within 
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Figure 12-5.-Two-engine synchronizer. 
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Figure 12-6.—Feather-unfeather switch. 


the propeller dome builds up, causing the pressure switch 
to open, thus breaking the ground for the feathering switch 
holding coil. 

The two blade switches are single-pole, cam-actuated. 
One is located on the No. 1 blade, and the other located on 
the No. 3 blade. The No. 3 blade switch is the only one 
used in the feathering operation. When the propeller 
blades reach full-feather position, the No. 3 blade switch 
becomes open, thus breaking a ground for relayL2. (See 
fig. 12-7.) 

This relay completes a ground for the feathering switch 
holding coil. When the propeller blades reach full-feather 
position, relay L2 becomes deenergized, thus breaking the 
ground for the feathering switch holding coil. 

The feathering pump is a motor driven gear type. A 
spring-loaded relief valve is adjusted to maintain oil 
pressure at the discharge port at 1,600 to 1,650 p.s.i. 
The motor is a 24-volt, series-wound, intermittent-duty 
type. The feathering pump is controlled by the feathering 
switch. 

Figure 12-7 shows an electrical schematic diagram of 
the feathering system used on naval aircraft. 

The complete sequence of operation of the feathering 
circuit (fig. 12-7) is as follows: 
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Figure 12-7.—Feathering circvit schematic diagram. 


The pilot pushes in on tne feathering switch button. 
This allows d-c current to flow through the feathering 
switch holding coil, completing a ground through the pres- 
sure switch or through the closed contacts of relay L2. 
Relay L2 also receives current from the feathering switch, 
completing its ground through the No. 3 blade switch. 
Thus, there are two ground circuits for the feathering 
switch holding coil. One of these is through the pressure 
switch, and the other is through the closed contacts of 
relay L2. The reason for this double ground is to assure 
that the propeller reaches full feather before allowing the 
feathering switch to be released. 

The feathering switch also supplies power to relays 
L3 and L7. Relay L7 connects the feathering pump motor 
to a d-c source. The turning of the motor causes the 
propeller blades to move towards the full-feather position. 
Relay L3 automatically disconnects power to the propeller 
de-icer circuit. If the de-icer circuits and the feathering 
circuits were permitted to operate at the same time, there 
would be an excessive amount of current drawn from the 
d-c generator system. 

When the propeller blades reach full-feather, the No. 
3 blade switch will be actuated byacam, causing its con- 
tacts to open. Following this, the pressure within the 
propeller dome will build up, causing the pressure switch 
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to open. When these ground circuits are open, the feather- 
ing switch becomes deenergized. This, in turn, deener- 
gizes relay L7 and energizes relay L3. This action causes 
the feathering pump motor to stop turning and energizes 
the de-icer bus. 


Unfeathering Operation 


An additional component, the reverse solenoid valve, 
which is not used during the feathering operation, is used 
during unfeathering. This valve is located inthe propeller 
governor. When energized with d-c current, it permits 
the high-pressure oil to flow in the propeller piston in the 
opposite direction as it did during the feathering opera- 
tion. This causes the propeller piston to move toward 
the decrease pitch position. 
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Figure 12-8.—Propeller unfeathering schematic diagram. 


The complete sequence of operation of the unfeathering 
circuit (fig. 12-8) is as follows: 

The pilot pulls out the feathering switch button; this 
supplies d-c current to the double-pole relay L1. The 
ground for this relay is completed through the No. 1 blade 
switch. This blade switch is in the closed position when 
the propeller is feathered. 

The double-pole contacts of relay 11 supply d-c cur- 
rent to the reverse solenoid valve (relays L7 and L3). 
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Relay L7 connects d-c current to the feathering pump 
motor; relay L3 disconnects the propeller de-icer circuit. 

As the feathering pump motor operates, itis supplying 
high-pressure oil through the reverse solenoid valve ina 
direction which causes the propeller blades to unfeather. 
When the propeller blades reach the low pitch position, 
the No. 1 blade switch is actuated by a cam. This opens 
the switch contacts allowing relay L1 to become deener- 
gized, which, in turn, removes the d-c current from the 
reverse solenoidand relay L7. The feathering pump motor 
becomes inoperative and the propeller de-icer bus again 
becomes energized. 


Reversing Operation 


Propeller reversing is initiated by moving the throttle 
into the reverse range. Inorder to move the throttle into 
the reverse range, the weight of the aircraft must be 
placed on the landing gear. This actuates a landing gear 
(safety) switch which energizes a throttle lock solenoid 
and removes the throttle detent to allow the throttle to be 
moved into the reverse range. 
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Figure 12-9.—Propeller reversing schematic diagram. 
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Figure 12-9 is the schematic diagram of propeller re- 
versing system. As each throttle lever is moved aft of 
the idle position, the safety and reversing switches are 
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closed. This energizes the solenoid valve in the propeller 
governor, the feathering pump control relay L2, the feath- 
ering pump power relay L7, and relay L3in the propeller 
de-icer circuit. The ground for the circuit through the 
relay coil of relay L2 is completed atthe blade switch on 
the No. 3 blade. Thiscircuitis broken 5 degrees prior to 
reaching full reverse position, interrupting the current 
through the feathering pump control relay L2, thus deen- 
ergizing L7 and L3. Relays 14 and L6 and the solenoid 
valve in the propeller governor remain energized as long 
as the throttle lever is in the reverse range. 


Unreversing Operation 


When the throttle lever is moved from the reverse 
range forward to idle, the reversing switch returns to its 
normal position. This completes a circuit through the 
feathering pump control relay L2, power relay LT, propel- 
ler de-icer relay L3, and interrupts the circuit to the 
solenoid in the propeller governor (fig. 12-10). The 
feathering pump then supplies oil to return the propeller 
blades to their normal position. When the blades reach a 
position a few degrees above the low-blade angle setting 
of the propeller, the blade switch completes a circuit 
through relay L5, deenergizing the entire circuit (relays 
L2, L4andL6), stopping the auxiliary pump by deenergizing 
relay L7, and returning control of the propeller to the 
propeller governor. 


PREFLIGHT INSPECTION 


This inspection must be performed prior to the first 
flight of each day and is primarily an operational test of 
the equipment. Itis assumed that the careful physical ex- 
amination required by daily inspection has been accom- 
plished after the last flight of the preceding day, and the 
propeller control system is operating properly. A pre- 
flight inspection consists of the following tests. 


Govern Action Test 


It is recommended that the synchronizer switch be 
placed in the manual position during all ground checks 
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Figure 12-10.—Propeller unreversing schematic diagram. 


other than when checking synchronizer operation. This 
prevents unnecessary running of the differential motors. 

Upon completion of the engine warmup period, move 
the pitch control governing lever through its complete 
range from maximum to minimum r.p.m. several times. 
Return each propeller to its normal position by means of 
its individual toggle switch. Due to propeller pitch change, 
the engine r.p.m. should change in accordance with the 
throttle setting. This change inr.p.m. isindicated on the 
engine tachometer indicator. 

This test serves to expel any air which may be trapped 
in the propeller system; and also it will enable you to 
detect improper operation of the propeller, the control 
system, or the engine. 


Feathering and Unfeathering Test 


The following method of testing the feathering operation 
with the engine running has two important advantages not 
attainable when carried out with the engine not running. 
They are: (1) the main control pump aids the auxiliary 
pump in supplying the necessary oil pressure; and (2) the 
feathering test more closely approaches the conditions 
under which the propeller would be feathered in flight. 

With the r.p.m. control switch in the maximumr.p.m. 
position and the engine operating at 1,500 r.p.m., depress 
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the feathering switch and observe the ammeter for current 
drawn and the tachometer for r.p.m. drop. When the 
engine speed has dropped to 1,000 r.p.m., manually pull 
out the pushbutton switch to its neutral position. The 
engine should return to 1,500 r.p.m. This test indicates 
that the feathering pump is operative. An unfeathering 
test on the ground is generally not required since the 
feathering test shows that the main parts of the system 
are operative. 


Reversing and Unreversing Test 


The propeller should not be run in the reverse posi- 
tion for extended periods, since the reverse direction of 
propeller airflow will cause excessive engine heating. 
Maintain a careful check on engine operating temperature 
during all reverse pitch operations. Before starting the 
test for reversing operations, be certain that the aircraft 
is secured from moving either forward or backward. On 
aircraft with tricycle landing gear, operation in the re- 
verse position may cause the tail to drop and preventive 
measures should be taken. 

Place the throttle lever in the idle position and the 
r.p-m. control switch in the maximum r.p.m. position. 
This places the propeller in the low pitch position. Pull 
the throttle lever through the detent into the reverse por- 
tion of the quadrant. The decrease-pitch solenoidis then 
energized by a throttle-actuated microswitch. This 
causes the propeller to operate beyond the normal low 
pitch limit into the reverse pitch position. A slight in- 
crease in r.p.m. is normal and should be expected. The 
amount of reverse thrust may be increased by moving the 
throttle lever further to the rear and decreased by moving 
it forward toward the detent. Tounreverse the propeller, 
advance the throttle lever past the detent to its original 
position. This unreverses the propeller, and the blades 
will rotate until they assume an angle of 5 to 12 degrees 
above the low pitch blade angle setting. 


TURBOPROPELLER CONTROL 


The turbopropeller has been designed for use on gas- 
turbine engines. This particular type propeller has not, 
as yet, been used extensively. However, the increasing 
usage of turbine engines that utilize propellers requires 
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that the AE understand the methods and systemsused for 
controlling turbopropellers. 

The aerodynamic actions of propellers used on gas- 
turbine engines are similar to the actions of propellers 
used on reciprocating engines. However, due to the com- 
paratively higher power obtained from gas-turbine en- 
gines, the propellers on these engines must be able to 
operate over a wide range of aircraft speeds. These 
range from a very low speed up to and including speeds 
in excess of Mach 1. (Mach 1 = 763 m.p.h. at sea level 
at a temperature of 59° F.) 

The turbine engines presently in use on naval aircraft 
are of the twin-turbine type. Each engine drives a contra- 
rotating, six-blade propeller. This propeller consists 
mainly of two three-bladed propellers. These are con- 
nected in such manner that they rotate in opposite direc- 
tions and at equal speeds at all times. The rear three- 
blade propeller element is mounted on a large reduction 
gear (propeller) shaft and rotates counterclockwise. The 
front three-blade propeller element is mounted ona 
small reduction gear (propeller) shaft and rotates clock- 
wise. Each of the three-blade propeller elements has its 
own separate, self-contained hydraulic control system. 

These systems provide pitch control, automatic 
constant-speed governing, full feathering, unfeathering, 
and reverse pitch operation. 

The block diagram in figure 12-11 shows the relation- 
ships between the fundamental components of the elec- 
tronic governor and its related propeller and turbine 
components. 

Each turbine has an a-c generator connected to its 
accessory drive pad, which supplies an a-c voltage to the 
electronic governor. The a-c generator output voltage 
represents the turbine speed in r.p.m. That is, the 
magnitude and frequency is proportional to turbine r.p.m. 

The electronic governor utilizes a rectifier circuit to 
transform this intelligence from the a-c generator intoa 
d-c potential. This d-c potential is proportional to the 
rate-of-change of the turbine's r.p.m. The output poten- 
tial of the rectifier circuit has one polarity for acceler- 
ating conditions and the opposite polarity for decelerating 
conditions. When the turbine speed is constant, there is 
zero potential. 
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Figure 12-11.—Block diagram of governing system. 


When the power plant is in a stabilized condition, the 
multivibrator assembly in the electronic governor pro- 
duces two series of voltage pulses at a frequency of ap- 
proximately 20 cycles per second. These two series of 
voltage pulses alternately energize coils on opposite ends 
of a solenoid valve in the propeller hydraulic system. 
This results in a net blade angle change of zero degrees. 


During acceleration or deceleration, the potential dif- 
ference from the speed sensitive circuit is fed into the 
multivibrator circuit and produces a voltage unbalance. 
This affects the pulse duration so that the voltage dwell 
is longer on one side of the solenoid valve than on the 
other, resulting in anet increase or decrease of propeller 
blade angle. 


Synchronizing the r.p.m. of two or more different pro- 
peller assemblies is achieved through the use ofa separ- 
ately housed electronic synchronizer. This unit selects 
one engine asa master. When adifference of speed exists 
between the master and slaved engines, the slaved engines 
receive a controlling current flow to a motor-driven 
potentiometer. This potentiometer controls a biasing 
voltage which is fed into the pulsing (multivibrator) circuit 
in the electronic governors of those engines which are out 
of synchronization. This in turn biases the voltage pulses 
to the appropriate solenoid valves in the propellers. As 
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a result, the r.p.m. of all slaved propellers is made to 
synchronize with the master engine. | 

_ Since turbopropellers are not presently being used ex- 
tensively on naval aircraft, information concerning their 
control is very limited. Should you be required to main- 
tain such control systems, you should consult the hand- 
books for the particular system since these books contain 
detailed information concerning operation and mainte- 
nance. 


TROUBLESHOOTING HINTS 


If trouble occurs in the electrical controls of the pro- 
peller system, the first step of troubleshooting is to de- 
termine which part of the system is inoperative. This 
can be determined from the preflight check. The next 
step is to refer to the electrical schematic, found in the 
Handbook of Maintenance Instructions for the aircraft, 
and analyze the trouble. 


QUIZ 


1, The feathering pump is controlled by the 
a. number 3 blade switch 
b. feathering switch 
c. relay L3 (fig. 12-7) 
d. toggle switch 


2. Failure of the master engine will cause the slave en- 
gine to 

decrease its r.p.m., but not more than 3 percent 

- adjust to the r.p.m. of the master 

increase its r.p.m. 

remain constant 


po op 


3. The synchronizer control can be deenergized by the 
use of the 
a. master lever control 
b. override relays 
c. synchronizer toggle switch 
d. differential motors 
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10. 


11. 


When operating in master lever control, this system 
controls 

a. separate speed adjustment of each propeller 
governor 
limited range synchronizer 
speed adjustments of all engines 
. positive positioning against high r.p.m. stops 

only 


nog 


The governor head consists of a permanent magnet 
rotor with a 

a. series winding 

b. shunt winding 

c. three-phase winding 

d. single-phase winding 
When the governor lowers the rack, the compression 
in the speeder spring is increased and the engine 
r.p.m. 

a. increases 

b. decreases 

c. remains constant 

d. reaches minimum range 


The master lever controls the 
a. master engine only 
b. slave engine only 
c. r.p.m. of both engines simultaneously 
d. r.p.m. of both engines separately 


During takeoff both governors are locked in the posi- 
tive high r.p.m. stops by the 

a. master lever 

b. synchronizer control circuit 

c. toggle switch 

d. three takeoff relays 


The pitch indicator light indicates 
a. failure of the pitch circuit 
b. high r.p.m. 
c. low r.p.m. 
d. high and low r.p.m. 

Termination of feather is determined by the 
a. feathering switch 
b. blade switch 
c. solenoid switch 
d. action of a relay 

The feathering pump motor is a 
a. shunt-wound, d-c, constant-speed type 
b. series-wound, d-c, constant-speed type 
c. series-wound, intermittent-duty type 
d. three-phase, 27-volt, a-c type 


452 


12. 


13. 


14, 


15. 


The feathering switch hold circuit is deenergized by 

a. a relay 

b. the number 3 blade switch 

c. the number 1 blade switch 

d. the feathering switch button 
The methods of controlling the governor head are 

a. automatic, synchronizer, and master level con- 

trol 

b. manual, synchronizer, andmaster lever control 

c. manual, automatic, and master lever control 

d. manual, automatic, and synchronizer control 
The synchronizer control senses difference of engine 
r.p.m. by utilizing 

a. 27 volts from the d-c bus 

b, the toggle switch 

c. the aircraft's tachometer generators 

d. changing d-c polarity 
The r.p.m. reference for the synchronizeris obtained 
from the 

a. master engine 

b. differential motor 

c. slave engine 

d. synchronizer limiter 
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CHAPTER 


D-C CONTROL, PROTECTIVE, 
AND WARNING DEVICES 


Modern naval aircraft are equipped with many ad- 
vanced electrical and electronic control, protective, and 
warning devices. The flight characteristics of aircraft 
are such that these devices must be more reliable than 
had been required in the past. The development of these 
more complex devices has increased the demands on 
maintenance personnel. Because of this, the knowledge 
and skill that you must possess has increased. 

Aprotective device may be defined as ''a device which 
is operated by a variation in its electrical or physical 
condition to effect the operation of other devices in an 
electrical circuit.'' Its principal function is to protect 
service from interruption or to prevent or limit damage 
to apparatus. 

Protective relays, circuit breakers, fuses, and cur- 
rent limiters are examples of protective devices. 

A control device may be defined as "a device, or 
group of devices, which serves to govern in some pre- 
determined manner the electric power delivered to an 
apparatus to which it is connected.'' Control relays and 
switches are examples of control devices. 

The determining factor as to whether a device should 
be classified as protective or control is the particular 
job that it is performing in a particular circuit. The 
same relay may be used for two different purposes in the 
same circuit. For example, in the auxiliary power cir- 
cuit ofa multiengine aircraft, it is used as a power relay 
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(control device) to start the auxiliary power unit. After 
the APU is started, the relay is used as a reverse cur- 
rent cutout (protective device). 

There are many different d-c system control and 
protective devices. Some of these, such as switches, 
relays, voltage regulators, fuses, and circuit breakers, 
are explained in the Navy Training Courses, Basic Elec- 
tricity, NavPers 10086, and AE 3 & 2, NavPers 10348. 
Those that are not included in these courses will be ex- 
plained in this chapter. 


CONTROL AND PROTECTIVE DEVICES 
Relays 


Relays are used as control and protective devices 
more than any other type unit. All relays have a certain 
classification. This classification may be determined 
from the letters and numbers that are printed on the 
relay's case. The type designation of a typical relay is 
as follows: 


1437 A 1 


RY 
Component Basic-type Class Linclosure 
Indicator 


COMPONENT. —RY stands for armature relays. Most 
of the relays that you will work with are of this type. 

BASIC -TYPE INDICATOR.—This indicator identifies 
the basic application for which a relay has been designed. 
A specific number within the ranges specified ‘in table 
13-1, for each basic application, is assigned to each relay. 

Definitions of the basic application (table 13-1) of re- 
lays will be given since the Aviation Electrician will be 
better able to perform his work if he knows the design 
characteristics of the relay. 

GENERAL PURPOSE.—A general purpose relay is 
one that operates upon the application of the operating 
voltage to the coil. It has no special features. 
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Table 13-1.—Basic-type indicator. 


Symbol Basic application 

1,000 to 1,999, inclusive General purpose, 
2,000 to 2,999, inclusive Marginal. 

3,000 to 3,999, inclusive Differential. 
4,000 to 4,999, inclusive Time delay. 
5,000 to 5,999, inclusive Latch-in. 

6,000 to 6,999, inclusive Ratchet. 

7,000 to 7,999, inclusive Selector. 

8,000 to 8,999, inclusive High speed. 
9,000 to 9,999, inclusive Sensitive. 
10,000 to 10,999, inclusive Polarized. 
11,000 to 11,999, inclusive Interlock. 
12,000 to 12,999, inclusive Special purpose. 


MARGINAL. —A marginal relay is one which responds 
to make or break when the coil voltage or current reaches 
a predetermined value. 

DIFFERENTIAL.—A differential relay is a multiple 
winding relay which operates when the current or voltage 
difference between the windings reaches a predetermined 
value. 

TIME DELAY.—A time delay relay is one in whicha 
delayed action is purposely introduced. 

LATCH-IN.—A latch-in relay is one whichis designed 
to lock the contacts in the deenergized position until the 
relay is either manually or electrically reset. 

RATCHET.—A ratchet relay is one which operates in 
cycles in accordance with a successive or predetermined 
arrangement of impulses. 

SE LEC TOR. —A selector relay is one which permits 
the selection of one or more circuits from a number of 
circuits. 

HIGH SPEED. —A high speed relay is one which oper- 
ates within 5 milliseconds. 

SENSITIVE.—A_ sensitive relay is one which is de- 
signed to operate with a current flow of 100 milliwatts 
or less. 

POLARIZED.—A polarized relay is one which is re- 
sponsive to the direction of current flow. 

INTERLOCK,—An interlock relay is one having two 
coils with their armatures and associated contacts ar- 
ranged so that if one of the armatures is actuated, it 
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prevents the other armature from being actuated until 
the first armature returns to its normal position. 

SPECIAL PURPOSE.—A special purpose relay is one 
designed for a specific purpose or application. Relays 
not covered in one of the basic applications just defined 
will come under the heading of special purpose. 

CLASS.—The class is identified by a single letter. 
Table 13-2 shows the class symbols. These are based 
on the ambient temperature range for continuous opera- 
tion, as shown in the table. 

ENC LOSURE.—The enclosure is identified by a single 
number. Table 13-3 shows these symbols and the type 
enclosure designated by each. 

Additional identifying information is contained on the 
relay case. This is as follows: (1) rated voltage or coil 
current, when applicable, (2) operating frequency, when 
applicable, (3) d-c coil resistance, (4) contact rating, 
(5) circuit diagram on case (applicable to sealed and 
enclosed relays only), and (6) manufacturer's name or 
symbol and manufacturer's designation. 

Detailed information about a certaintype of relay may 
be found in applicable military specifications. 

A listing of current military specifications and stand- 
ards is published in NA 00-25-544. 

The contactor relays (power relays) are the work- 
horses of the aircraft's electricalsystem. These relays 
utilize coil currents of a fraction of an ampere up to 
several amperes. They are used to control power cir- 
cuits carrying 600 amperes at 28 volts d.c. or 100 


Table 13-2.—Temperature class. 









Temperature range 






-55° C. to 85" C. 
-65" C. to 125° C. 
-65° C. to 200° C. 


Table 13-3.—Enclosure. 






Type of enclosure 


Open. 
Enclosed (but not sealed). 
Sealed. 
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amperes at 115/200 volts, 3-phase, 400-cycle, a.c. In 
addition to their high current ratings, these relays must 
also be capable of handling motor loads whose inrush 
current is six times the rated load. They must also be 
able to rupture ten times their rated loads for a limited 
number of operations. 

The demands of modern aircraft have required that 
hermetically sealed relays be developed. A true hermetic 
seal is generally considered one that is metal to metal or 
glass to metal. Plastic or plastic rubber-type gasketed 
seals are generally not considered true hermetic seals. 

Figure 13-1 shows a typical hermetically sealed con- 
tactor relay. 

Some knowledge of the basic design fundamentals of 
relay construction is of value to operating personnel in 
understanding the operation and application of relays. 
In general, a relay is divided into three basic parts: 





Figure 13-1.—A typical hermetically sealed contactor relay. 
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the magnet and associated coil, the contacts, and the 
mounting. 

These components are used in a wide variety of forms. 
The configuration for aircraft control relays and power 
relays has been fairly well standardized. A manual 
switch, limit switch, or other small control device starts 
and stops the flow of current to the magnet coil. 

The flow of electric current through the coil creates 
a strong magnetic field around and within the coil. This 
magnetic field is utilized to operate a movable clapper 
or plunger. The contacts which control the large current 
are fastened mechanically to this clapper or plunger, so 
that they make contact with nonmovable contacts to com- 
plete the circuit. Figure 13-2 shows a cutaway view of 
a 400-ampere, single-pole, single-throw contactor relay 
of the solenoid type. 

Although representing a relatively small part of the 
total weight, the contacts are really the heart of both 
control and power relays. This is especially true of the 
power relays. The contacts must be made of a material 
that does not collect a current resisting film during arc- 
ing. A high voltage such as 115 or 200 will generally 
break through these films, but for 28-volt d-c applica- 
tions a contact material must be used which will maintain 
a low contact resistance and not form high resistance 
oxides. To test the condition of contacts or relays, 
measure the voltage drop across the contacts at rated 
load. The average voltage drop of several readings 
should not exceed 0.1 volt. | 

The size of the contacts and the material from which 
they are made are determined in large part by the re- 
quirements of the military specifications and by the 
abilities of the designer. 

It is possible, however, for contact failure to occur 
for one of several reasons. Usually this is due to usage 
beyond the requirements as set forth in the specification 
or to misapplication or misuse of the device. 

Contacts may ultimately wear away if a sliding action 
is incorporated in the relay's design. Contact material 
may also be lost during arcing and can ultimately result 
in failure of the device. The latter condition occurs 
primarily in d-c circuits and can be detected by the ex- 
cessive pitting of one contact and the building up of a 


459 


CONTACT PRESSURE SPRING 


POWER TERMINAL STUD 


COIL 
TERMINAL STUD 


ee GAP 
= zt Fe . a} 


MOVABLE CONTACT 






yin 





lbp Wvenyenynny 





a 


5 . 


MAGNETIC GAP MOVABLE 


(STROKE) : | PLUNGER 
| f tll) MAGNETIC 
CORE 
MAGNETIC GOlL ae 
COIL WINDING 


Figure 13-2.—Cutaway view of a 400-ampere, single-pole, single-throw 
contactor relay. 


moundon its mating contact. Under these conditions, the 
life of the relay can be greatly extended by periodic re- 
versals of the leads to power terminals. Care should be 
taken to see that this is not done with polarized or polarity 
sensitive relays, such as reverse current relays. 

Most of the power relays used in aircraft use a silver 
alloy contact. These contacts usually contain oxides which 
reduce the tendency to weld. 

The contacts of smaller ampere rating contactor 
relays are usually secured to the contact carrier by 
riveting or spot welding. The larger ampere rating 
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contactors are secured to the contact carrier by silver 
brazing. 


Contact Support Plate 


Closely allied in importance to the contact is the con- 
tact carrier or support plate. 

The carrier material is selected for thermal and 
current carrying ability and mechanical strength. Cop- 
per, brass, and occasionally aluminum are the materials 
most commonly used. On the larger power relays the 
power terminal studs are usually of brass, copper, or 
copper alloy since strength and current carrying ability 
are required. 


Coil and Magnet 


Another major part of a relay is the magnet. The 
magnet is the device which converts the small amount of 
electrical energy in the coil into mechanical energy to 
bring the contacts together, which, in turn, controls a 
larger amount of electrical energy. Magnets are con- 
structed in a variety of forms and shapes. However, 
aircraft relay magnets have been standardized into rela- 
tively few common types. 

In the larger power relays (25 amperes up) where 
double-break contacts are used for increased current 
rupturing ability, the solenoid-type magnet shown in 
figure 13-2 is most frequently used. The high efficiency 
of this type of magnet counteracts the fact that it is not 
a "balanced-type" construction. It relies on the proper 
design of the return and contact springs for its resist- 
ance to shock and vibration, and has the advantage of 
being very simple mechanically. These devices seldom, 
if ever, fail mechanically when they are properly installed. 

POLARIZED RELAY.—A polarizedrelay is a relay in 
which the movement of the armature depends upon the 
direction of the current in the circuit controlling the 
armature. The polarity effect is usually obtained by a 
permanent magnet acting on the armature. Figure 13-3 
illustrates a simplified polarized relay. . 

The current which controls the pivoted armature A 
goes through coil 7, whose magnetic force also acts on 
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Figure 13-3.—Polarized relay (simplified). 


the armature. When the direction of the current in the 
coilis such that it makes end a of thearmature an N pole 
and end ban S pole, the armature will be repelled by the 
N and S poles of the permanent magnet #, and the arma- 
ture A will move upward to close the upper contacts at 
C. When the current in coil ¥ is reversed, and 2 becomes 
an S pole and end b an W pole. The armature will then be 
attracted downward to the two poles of the permanent 
magnet andthe lower contacts at C will close. Hence, the 
operation of the relay depends on the direction of the 
control current. Such relays are used to prevent gener- 
ators from being connected to the d-c bus in reverse 
polarity. An example of this is the Hartman reverse 
current relay, whichwas discussedin AE 3 & 2,NavPers 
10348. The polarizedrelay is also usedin many different 
control circuits. 

POLARIZED DIFFERENTIAL RELAY.—This type re- 
lay has a multiple winding (usually two). The relay 
operates when the current or voltage difference between 
the windings reaches a predetermined value. In one type 
of polarized differential relay, the core of the relay has 
two windings. One of these windings has many turns of 
fine wire, while the other has a few turns of large wire. 
The two windings are wound on the core of the relay in 
opposite directions. The relay contacts are polarized, 
one contact being a north pole, the other a south pole. 
These polarized contacts are spring loaded open when 
the relay coils are deenergized. Figure 13-4 illustrates 
a simplified polarized differential relay. 

Coil Bof the relay core determines when contacts C 
will close. There are two factors that determine this; 
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Figure 13-4.—Polarized differential relay (simplified). 


the first being the direction of current flow through 
the coil. If current flows in the direction of YtoX,a 
magnetic polarity develops and causes the contacts Cto 
remain open; had the current flow been from XtoY,a 
magnetic polarity would have developed to oppose the 
north pole contact. 

The second factor is the magnetic strength, which is 
determined bythe ampere turns of coil 8B. Since the con- 
tacts Care spring loaded open, it will be necessary to 
have a repelling magnetic strength strong enough to 
overcome the spring tension, allowing the N and §S poles 
of the contacts © to come in contact with each other. 

Once the contacts have closed, the magnetic strength 
of the two poles is strong enough to keep them closed. 
The only way the contacts may be opened is for a mag- 
netic force to aid the spring. CoilA of the relay core, 
when energized with current flowing from Z to P will 
develop a magnetic polarity to attract the N pole contact 
of contacts C, thus aiding the spring. 

Once the contacts have opened, they will remain open 
because of the spring. This condition will remain until 
a current of the correct amount and polarity flows through 
coilB. CoilB usually operates on a differential voltage 
of about 0.5 volt d.c.; this produces a very small amount 
of current. Coil A usually operates on a large current 
flow, 15 amperes and up. The contacts of the polarized 
differential relay are very small in size and are designed 
to pass small amounts of current. These contacts usually 
control current to a contactor relay coil, which in turn 
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controls large current circuits. An example of this is 
the generator control circuits on most aircraft. 

MARGINAL RELAY.—A marginal relay is one that | 
responds to make or break when the coil voltage or | 
current reaches a predetermined value. Examples of | 
marginalrelays are overvoltage relays, equalizer relays, 
and dropout relays. 

Overvoliage relays provide overvoltage protection to | 
systems and parts when overvoltage occurs. Overvoltage — 
may be caused by failure of the voltage regulator or by 
short circuiting ofthe generator fieldto avoltage source. — 

The overvoltage relay is a sensitive, normally open — 
relay. The relay coil is calibrated to trip at a safe pre- — 
determined value, usually at 30 volts, + 0.5 volt, when — 
protecting a 27.7-volt system. The contacts of the relay 
are in series with the generator's shunt fieldor in series 
with a field trip relay. 

The overvoltage relay coil is in series with one and 
sometimes two resistors. If two resistors are used, one 
will be fixed and the other adjustable. Adjusting the 
variable resistor, will determine what value of over- 
voltage will cause enough current to flow through the 
relay coil to close its armature, thus opening the gener- 
ator's field circuit. 

EQUALIZER RELAYS.—These relays find frequent 
use inmultigenerator aircraft. They detect any generator 
that "hogs" the load. The equalizer relay coil operates 
on a very small voltage, and it is of the polarized type. 
Figure 13-5 shows a simplified circuit diagram using the 
overvoltage relay and equalizer relay to obtain over- 
voltage protection. 

Assuming that the number one generator in figure 13-5 
is taking allthe load, point d at the number one generator 
will be more negative than point d of the number two gen- 
erator. Since current flows from negative to positive, 
there will be a current flow from the number one gener- 
ator to the number two as shown by the arrows. 

Due to the direction of current flow through the equal- 
izer relay coils, the two relays operate in opposition. AS 
seen in figure 13-5, the number one generator equalizer 
relay will open its contacts, allowing the number one 
generator's high voltage to be applied to the overvoltage 
relay. During this time the number two generator's 
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equalizer relay contacts remain closed, shunting the bus 
voltage around its overvoltage relay. Using this relay 
arrangement allows the overvoltage relays to disconnect 
the offending generator from the system if its voltage 
reaches an unsafe value. 

There are many ways of providing overvoltage pro- 
tection. However, no matter what method is used, the 
basic principle of operation is as illustrated by the sim- 
plified circuit shown in figure 13-5. When information 
about the system used in a particular aircraft is desired, 
consult the HMI for that aircraft. It should be noted that 
all systems are similar since they must conform to 
standard drawings as prescribed by BuAer. 

A dropout relay is another form of marginal relay. 
Figure 13-6 shows a typical jet aircraft starter control 
circuit utilizing the dropout relay. 

This particular relay employs three coils. Coil Ais 
a contactor coil, coil Bis a holding coil, and coilC isa 
current coil. The two sets of contacts are controlled by 
these three coils. 

When the starter switch is positioned to start, coils 
A and 8B become energized, closing contacts # and E, This 
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Figure 13-5.—Simplified overvoltage protection circuit. 
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Figure 13-6.—Typical jet aircraft starter control circuit. 


allows the starter to receive current. The current de- 
mand will be very large, usually 1,000 to 1,200 amperes. 
Due to the large current flow through coil ©, it aids coil 
Bin keeping contact £ in the closed position. This posi- 
tion is maintained even though the pilot has allowed the 
starter switch to return to the OFF position. 

As the starter turns the engine over, the current de- 
mand of the starter will become less. This allows the 
magnetic field of coil C to become weaker. When the 
engine r.p.m. reaches approximately 18 percent, the 
magnetic field of coil C will be weak enough to allow con- 
tacts Eto open. This removes the current flow from coil 
A and coil B, thus allowing the contactor contacts to open, 
stopping the starter. 

TIME DELAY RELAY.-—This is a relay with delayed 
action purposely introduced. One common form of time 
delay relay uses a bimetallic element which bends as it 
is heated. The element is made by welding together two 
strips of different metals having different thermal expan- 
sion rates. A heater is mounted around or close to the 
element. The contacts are mounted on the element itself. 
As the heat causes the element to bend, because of the 
different thermal expansion rates, these contacts close 
to operate a relay. The delay time of the bimetallic 
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strips is usually from 1/2 to 1-1/2 minutes and isvaried 
by using metals with different expansion rates or by in- 
creasing or decreasing the distance between the fixed 
and moving contacts. Figure 13-7 illustrates a thermal 
time delay relay. 

Another common form of time delay relay utilizes a 
lag coil (slug). This is usually a large copper slug that 
is located at one end of the winding or a tubular sleeve 
that is located between the winding and the core. 

The lag coil acts as a short circuited secondary for 
the relay coil. The counter magnetomotive force, due to 
the current induced in the coil by the changing coil cur- 
rent, delays the flux buildup or decay in the air gap and 
hence the closing or opening of the armature. A short 
slug near the armature end of the core has relatively 
more effect on the operating time and one atthe heel end 
has more effect on the release time. Figure 13-8 illus- 
trates a lag coil time delay relay. 

The dashpot-type time delay relay is used in some 
time delay applications. A magnetic coil pulls a plunger 
through a dashpot which may be either oil or air filled. 
A small hole in the plunger allows the oil or air to pass 





Figure 13-7.-Thermal time delay relay. 
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Figure 13-8.—Lag coil time delay relay. 


through. The time delay can be varied by changing the 
size of the hole in the plunger. 


LATCH-IN-RELAY.—This relay is designed to lock 
the contacts in the deenergized position until the relay is 
either manually or electrically reset. A good example of 
the latch-in relay is the field relay employed with the 
overvoltage control circuit that is used in many multi- 
generator aircraft. In this particular circuit, the field 
relay opens the generator field circuit when the field 
relay has been energized by the overvoltage relay. 


The latch-type field relay has two windings. One is 
the trip coil, and the other the reset coil. 


When the trip coil is energized with current, it acts 
on a spring-loaded armature. The relay's movable con- 
tacts are mounted on this armature. After the contacts 
open they are held in the open'position by a mechanical 
latch. The mechanical latch is unlatched when the reset 
coil is energized, thus allowing the relay's contacts to 
close again. Figure 13-9 illustrates an electrically reset 
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latching relay. The latch-type relay will be further dis- 
cussed later in this chapter. 


Ground and Feeder Protector Relay 


There is much needfor circuit protection between the 
aircraft's generators and the main bus. Since the gener- 
ators are capable of delivering high amperage, the danger 
of shorts andgrounds must be guarded against to prevent 
fire or serious damage to the aircraft. The ground and 
feeder protector relay is used for this purpose. Figure 
13-10 shows a typical circuit diagram of the ground and 
feeder protector relay. 

The relay is connected in the d-c generator circuit to 
protect the circuit from any faults that might occur be- 
tween the generator and the main d-c bus. Systems that 
use the ground and feeder protector relays will employ 
one such relay for each d-c generator. The ground and 
feeder protector relay has four coils, wound on a common 
core, which control a set of contacts. Coil 1, as illus- 
trated in figure 13-10, is connected in series with the 
positive feeder lead of the generator; coils 2 and 3 are 
connected in parallel with each other and in series with 
coil 1. Coil 4 is connected in series with the negative 
feeder lead of the generator. 





Figure 13-9.—Electrically reset latching relay. 
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Figure 13-10.—Typical circuit diagram of the ground and feeder protector 
relay. 
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Coils 1 and 4 are wound in opposition to each other, and 
coils 2 and 3 are wound in opposition to each other. 
When the generator is delivering current to the main 
d-c bus, the current flow from the generator is through 
coil 4 to ground, through the loads connected to the main 
bus, and from the main bus through coil 2 and coil 3 of 
the ground and feeder protector. At this point the two 
currents join and flow through coil 1, thus completing 
its circuit to the positive side of the generator. As long 
as the circuitis functioning properly, the magnetic fields 
set up by coil 1 and coil 4 will cancel each other and the 
magnetic fields set up by coil 2 and coil 3 will cancel 
each other. As aresult, no magnetic field acts on the 
armature, and the contacts remain open. If amalfunction 
occurs between the generator and the main bus, one of 
the four coils will become unbalanced. This results ina 
magnetic field being produced. The field acts onthe relay 
armature which, in turn, causes the relay's contacts to 
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close. When these contacts are closed, a trip relay is 
. energized. This, in turn, opens the generator's shunt 
. field circuit and removes the generator from the d-c bus. 
Figure 13-11 shows a ground and feeder protector relay. 


| Contactor and Feeder Protector Relay 


: A contactor and feeder protector relay works in con- 
) junction with a ground and feeder protector relay. The 





Figure 13-11.—Ground and feeder protector relay. 
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purpose of this relay is to connect and disconnect the 
generator to the d-c main bus. Also, it provides feeder 
protection betweenthe ground and feeder protector relay 
and itself. 


Normally, the ground and feeder protector relay is 
located as close to the generator as practical, and the 
contactor and feeder protector is located at the main d-c 
bus. 


The contactor and feeder protector assembly consists 
of four relays within one case. (See fig. 13-12). 

Coils 1 and 2 in this relay operate in the same man- 
ner as coils 2 and 3 inthe ground and feeder protector 
relay; that is, they are wound on a common core in op- 
position. Should the feeder leads fail or become grounded, 
an unequal current will flow in the parallel feeder leads. 
This produces an unbalanced flux field in one or both of 
the protector relays, causing the relay contacts to close. 
When the relay in either protector closes, the field relay 
opens (trips), disconnecting the generator from the sys- 
tem. This differential relay, in the contactor and feeder 
protector, has a third coil through which most of the field 
current and control circuit currents flow. This coil 
serves to trip the field relay and remove the generator 
from the line when faults develop in the field or control 
circuit. 


TO 0-C CONTROL PANEL J DUAL CONTACTOR & FEEDER 
2740-C VOLTAGE | PROTECTOR 
\& 







MAIND -C 
BUS 


TO GROUND & 
FEEDER PRO- 
TECTOR 

TO POLARIZED TERMINALS 
DIFFERENTIAL L,&l>, 

RELAY 
TO FIELO TRIP 
RELAY 
TO POLARIZED DIFFERENTIAL 
RELAY 


Figure 13-12.—Schematic diagram of the dual contactor and feeder 
protector relay. 
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In addition to the differential relay, the dual contactor 
and feeder protector contains dual contactor relays. The 
contacts of these relays are connected in series with the 
main bus to insure positive interruption of the generator 
current when a reverse current condition exists. Also, 
they serveto connect the generator to the main bus, pro- 
vided current flow is inthe normal direction. By con- 
necting the two contactors in series, double protection 
is provided; should one fail to open, the other will con- 
tinue to protect the circuit. This second contactor is 
energized through the parallel coil (coil 7) of the backup 
protection relay. The coil is shorted out when the con- 
tactor closes. However, the series coil of the backup 
relay (coil 6) is in series with the main line and keeps 
the contactor energized. If, on reverse current, the first 
contactor fails to open, the series coil (coil 6) will force 
its contacts open at about 100 amperes, dropping out the 
contactor, and thereby disconnecting the generator from 
the bus. If a heavy surge of reverse current flows from 
the bus, both contactors will open almost simultaneously. 
Figure 13-13 shows the dual contactor and feeder pro- 
tector assembly. 


D-C Generator Control Panel ‘: 

The d-c control panel, as shown in figure 13-14, is 
an assembly that employs many control and protective 
devices, all of which are contained in the same case. 
Most of these have already been discussed individually. 
However, it is important to see how they are inter- 
connected. 

Referring to figure 13-14, the following parts of the 
control panel can be identified: (1) carbon pile voltage 
regulator, (2) male plug, (3) voltmeter pin jacks, (4) out- 
put voltage regulating rheostat, (5) manual reset button, 
and (6) control relays (enclosed). 

Figure 13-15 shows a schematic diagram of the con- 
trol panel connected in a d-c generating control system. 

The operation and functions of the various elements 
of a typical system are discussed in the following para- 
graphs. (Refer to fig. 13-15.) To connect the generator 
to the aircraft bus, close the generator switch. If the 
generator voltage is 22 volts or more and of thescorrect 
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Figure 13-13.—Dual contactor and feeder protector assembly. 
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Figure 13-14.—Generator control panel, type AVP-109C. 


polarity, the polarized voltage relay will be closed. Note 
that one side of the polarized voltage relay winding is 
connected to ground, while the other side is connected 
toterminal £ of the dual contactor and a feeder protector. 

The polarized voltage relay protects against reversed 
generator polarity by keeping a reversed generator off 
the bus. Closing of the polarized voltage relay contacts 
connects the voltage coil of the polarized differential 
relay between the generator's positive terminal and the 
bus. This coil then senses the difference in voltage be- 
tween the generator and the bus. The polarized differen- 
tial relay contacts will not close until the generated 
voltage is higher than the bus voltage by at least 0.5 volt. 
This is the proper voltage relationship for connecting a 
generator to a bus. When the polarized differential relay 
contacts close, the contactor coil and differential relay 
holding coilcircuits are completed through the generator 
switch. 

When the generator switch is closed, it also applies 
generator voltage to the equalizer disconnect relay coil 
and to terminal C of the dual contactor and feeder pro- 
tector. The equalizer disconnect relay picks up at ap- 
proximately 20 volts and connects the regulator equalizer 
coil to the equalizer bus. The first line contactor also 
closes, allowing a small current to flow from the 
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generator to the bus through the multiturn coil of the 
backup protection relay. This is sufficient to close the 
contacts, completing the circuit of the second contactor 
to the generator output, bringing the generator on the bus. 
The single-turn coilon the backup relay is then in series 
with the line from the generator to the bus and holds the 
contact closed after the contactor closes, shorting out 
the multiturn coil. When other generators, properly ad- 
justed, are connected to the system in the same manner, 
they willoperate inparallel. If the battery switchhas been 
closed, the batteries will be in parallel with the generators. 

The equalizing coils on the voltage regulators are 
used to maintain equal load division between the genera- 
tors. The voltage needed to operate the equalizer cir- 
cuit is obtained from the voltage drop in the series wind- 
ing of the generator. If one generator tends to take more 
of the load than the others, the voltage drop on its series 
winding will be higher. This difference in series winding 
voltage drop is impressed upon the voltage regulator- 
equalizer-coil circuit. This causes the generated voltage 
of the generator taking excessive current to decrease, 
and raises the generated voltage of the other generators, 
thus equalizing the generator loads. When one generator 
speed is decreased to a point where its voltage cannot 
be maintained, the other generators or battery will try 
to drive it as a motor. The reversed current in the series 
winding causes a reversed voltage drop to be impressed 
on the reverse current indicator winding of the polarized 
differential relay. When the reverse current has in- 
creased to approximately 25 amperes, the polarized 
differential relay will open its contacts. This, in turn, 
opens the line contactor which disconnects the generator 
from the system. Whenthe system is operating normally, 
the reverse current indication winding tends to hold the 
differential relay closed. The purpose of the holding 
winding on the differential relay is to make it possible to 
set the relay so its contact will always return to open 
position whenever the generator switch is opened or the 
field relay is tripped by a fault. This eliminates the 
possibility of connecting a reversed generator on the bus 
under any condition. 

Use of the series winding method of paralleling pro- 
duces a very strong equalizing action. The voltage drop 
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across the generator series winding at rated load is be- 
tween 1.6 and 2.3 volts, depending upon the winding tem- 
perature. This temperature is affected by the cooling 
air head pressure and cooling air temperature, as well 
as the generator load. In the case of one generator being 
reduced to idling speed, this strong paralleling action 
would cause the system to be reduced to an objectionably 
low value. Ballast lamp resistors are used in the equal- 
izer circuit to maintain a high system voltage under the 
conditions just mentioned. These resistors, or lamps, 
experience a resistance change as the current through 
them changes. Thus, at low currents they offer only a 
small resistance; at relatively high currents, the ballast 
resistors offer a high resistance which reduces the 
equalizer current. Thus, the ballast resistors allow good 
parallel operation of the remaining generators with a 
minimum bus voltage change with one or more genera- 
tors running at a slightly lower speed. When a generator 
switch is opened and the generator shuts down, the equal- 
izer disconnect relay will open the equalizer circuit of 
that generator, allowing the remaining generators to 
share the load. 

In case of a generator or feeder fault, the field relay 
will be tripped. This opens the contactor circuit and the 
generator field circuit. Tripping the field relay also 
closes the trip indicator light circuit. After either a 
fault or overvoltage condition has tripped the field relay, 
it must be reset. This is the only time that the reset 
operation is required. This may be accomplished by 
moving the reset switch to RESET position, putting bus 
voltage on the reset coil, or by operating the manual 
reset button. 

When excessive voltage occurs on one of the genera- 
tors, the overvoltage relay of its control panel operates 
to remove this generator from the system. Excessive 
voltage may be caused by broken leads, shorted terminals, 
shorted leads, or any other external fault which causes 
the generator field current to be out of the control of the 
voltage regulator. The generator producing overvoltage 
raises the bus voltage, resulting in reverse current 
flowing through the other generators, which are being 
regulated at normalvoltage. The reverse current causes 
the main contactors of the normal generators to open. 
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With the normal generators removed from the system, 
the offending generator voltage will rise still higher, 
resulting in operation of the overvoltage relay which, in 
turn, opens the field of the offending generator. The 
generators taken off the bus by reverse current will re- 
turn to normal operation when the generator with high 
voltage has been removed. When a generator has been 
removed from the system due to overvoltage, it may be 
returned to the system by placing the reset. switch in 
RESET position. If the generated voltage is still high, 
the overvoltage relay will again remove the generator 
from the system. 

There are many similar d-c generator control sys- 
tems used in the Navy, usually the different aircraft 
manufacturers select the method best fitted to their air- 
craft's airframe. 


POWER AND NONINSTRUMENT 
WARNING DEVICES 

In today's fighting aircraft, many different electrical, 
mechanical, and hydraulic systems must operate simul- 
taneously. It is necessary to provide a visual indication 
of equipment trouble or alternate operation of equipment 
to the pilot and his crew members. Warning and indi- 
cator lights are used since they are small in size, light 
in weight, low in cost, and attract one's eyes at the in- 
stant they are energized. The brilliance of the warning 
and indicator lights is usually controlled by a rheostat. 
The operational condition of the light can usually be tested 
by a warning light test switch; in most circuits the light 
is a push-to-test type. These warning and indicator 
lights are installed in the following circuits: (1) d-c and 
a-c power circuits, (2) positioning circuits, (3) quantity 
and pressure circuits, and (4) overheat circuits. 


Power Warning and Indicating Lights 


Warning and indicating lights used in power circuits 
will give visual indication under the following conditions: 
(1) when the d-c generator fails to supply voltage to the 
main d-c bus, (2) when a power circuit becomes shorted 
or grounded, (3) when the armament bus has voltage 
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applied to it, and (4) when the inverter fails to supply an 
a-c voltage of the correct amount and frequency to an 
a-c bus. For an example of awarning light circuit, refer 
to figure 13-15 which shows a warning light used in the 
d-c generator power and control circuit. 


Position Warning and Indicating Lights 


Lights that are used inpositioning circuits are impor- 
tant since they indicate either a safe or unsafe condition 
of a particular control or mechanism. The pilot relies 
upon these indications in determining the safe operation 
of the aircraft. Some of the circuits that utilize these 
lights are: (1) landing gear, (2) tailhook, (3) hatch, and 
(4) propeller pitch. 

Figure 12-4 of chapter 12 illustrates an indicating 
light circuit. It indicates when the propellers have 
reached the high or low pitch stops. 


Overheat Warning and Indicating Lights 


These lights are used for warning and indicating when 
an overheating has occurred. For example, this may 
occur as a result of (1) the d-c generator overheating 
due to the lack of ventilating air, (2) an overloaded gen- 
erator, (3) a bearing becoming overheated, or (4) a shorted 
or grounded generator field. 

Figure 13-16 shows a schematic diagram of agenera- 
tor overheat warning circuit. 

The overtemperature switch is a thermoswitch that is 
embedded in the generator's yoke. This thermoswitch 
is designed to close its contacts when the temperature 
in the embedded area reaches a specified temperature. 
As the contacts close, a ground is completed to an over- 
heat warning light. This light is located where the pilot 
or crew members can easily see it, and thereby detect 
the trouble before any serious damage occurs. 

Fire detection systems have become mandatory equip- 
ment for practically every aircraft built since 1946. 
Warning lights are used to indicate when there is a fire 
aboard an aircraft. Figure 13-17 shows a jet engine fire 
detection sensing circuit. 
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Figure 13-16.—Generator overheat warning schematic diagram. 
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Figure 13-17.—Jet engine fire detection sensing circuit. 
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Figure 13-18 shows the schematic diagram of atypical 
fire detection system. This system utilizes a d-c bridge 
circuit that controls a relay. The relay coil becomes 
energized when the detector sensing cables are subjected 
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Figure 13-18.—Schematic diagram of a fire detection system. 
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to abnormal heating, due toafire. This, in turn, allows 
d-c voltage to be applied to a warning light. All fire 
warning lights emit a red glow. 


‘Quantity and Pressure Warning Lights 


In many aircraft, warning lights have replaced some 
of the pressure and quantity instruments; for example, 
some fueland oil pressure systems utilize warning lights. 
A pressure switch is installed in the fuel or oil line. As 
the pressure of the fluid decreases or increases, the 
pressure switch will make contact. This completes a 
ground to a warning light. These systems may be used 
to indicate when the pressure is either too low or too 
high. 

Some fuel quantity systems use warning lights to in- 
dicate when the aircraft's fuel is low. Thewarning lights 
are operated by a float switch, located in the fuel cell, 
or a switch located in the fuel quantity indicator. 


STALL WARNING SYSTEMS 


The angle of attack system is essentially a servo sys- 
tem which, when installed in an aircraft and connected to 
the aircraft's electrical system, performs the following 
functions: 

1. Provides the pilot with a visual indication of the 
angle of attack of the aircraft. 

2. Actuates electrical switches at various preselected 
angles of attack to energize optional accessory equipment. 
Such accessory equipment might, for example, be exter- 
nal colored approach lights for observation by the landing 
signal officer of an aircraft carrier. A certain color 
light is used to indicate each of the following conditions: 

HIGH—angle of attack too high for final approach. 

MEDIUM—correct angle of attack for final approach. 

LOW —angle of attack too low for final approach. 

3. Actuates a rudder shaker circuit, which shakes the 
rudder pedals prior to the stall attitude of the aircraft, 
thus warning the pilot. 

The units of an angle of attack system are shown in 
figure 13-19. A typical angle of attack system installa- 
tion is illustrated in figure 13-20. 
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Figure 13-19.—Angle of attack system—units. 


The airstream direction detector senses the local air- 
flow direction and, by means of the electrical servo 
system, correspondingly positions a pointer on a dial in 
the indicator unit which is mounted on the instrument 
panel. The relay unit serves as an amplifier in the servo 
system and as a junction box for the interconnecting 
cabling. 
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Figure 13-20.—Angle of attack system—typical installation. 


Airstream Direction Detector 


The airstream direction detector measures the direc- 
tion of local airflow with an accuracy of 0.1 degree at 
indicated airspeeds in excess of 90 knots. The body of 
the unit is mounted within the fuselage and the cylindri- 
cal probe extends outward through the skin of the fuselage. 
Dowel pins in the circular mounting flange engage mating 
holes in the mounting plate, which is part of the airframe, 
to assure proper angular positioning. 

The tubular probe is sealed at both ends and is divided 
into two parallel air passages by means of a full length 
separator. Two longitudinally parallel slots, one for each 
passage, are milled through the wall of the probe near its 
outward end and two corresponding orifices are drilled 
into the passages near the base of the probe. The main 
housing casting is cylindrical and encloses a balanced 
paddle which is pivotedon ball bearings. (See fig. 13-21.) 

Outside the paddle chamber a crank arm on the end of a 
paddle shaft engages an arm, fixedto the base of the probe, 
to transmit paddle rotationto the probe. The arm fixed to 
the probe carries two wipers incorporated with two elec- 
trically independent toroidal potentiometer windings. 
These potentiometers provide an electrical signal depend- 
ent on probe position. Only one of these potentiometers 
is used for the angle of attack system; the other is used 
as a source of angle of attack information for other com- 
puting equipment in the aircraft. A thermostatically con- 
trolled de-icing heater is enclosed within the separator 
in the probe; and an additional thermostatically controlled 
internal heater eliminates condensation within the unit. 
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Figure 13-2].—Airstream direction detector, cutaway view. 


1. Probe. 6. Filler assembly. 

2. Paddle. 7. Crank arm. 

3. Paddle chamber. 8. Wiper arm. 

4. Paddle shaft. 9. Potentiometer winding. 
3. Air stator sector. 10. Thermostat. 


A cover for the probe is suppliedwith each airstream 
_ direction detector to protect the internal mechanism when 
’ the aircraft is stored in the open or when the aircraft is 
' being washed down. 


Relay Unit 


The relay unit houses the various electrical compo- 
‘ nents of the servo system and serves as a junction point 
' for the system cabling. This unit contains a sensitive 
‘ polarizedrelay,a power relay, two approach light relays, 
a radio interference filter, a 3-ampere manual reset 


’ thermal circuit breaker located in the probe heater cir- 


‘ cuit, and various resistors. These parts are shown 
- schematically in figure 13-23. 


Indicator Unit 


: The indicator unit is mounted on the instrument panel 
* so that its dial and pointer are visible to the pilot. The 
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Figure 13-22.—Indicator unit. 


dial is graduated from 0 to 30 in fifteen increments. A 
pointer sweeps from 0 to 30as the probe of the airstream 
direction detector is rotated from one limit to the other. 
A movable reference index can be positioned along the 
outer edge of the scale by rotating a knob at the lower 
corner of the mounting flange. 

The dial light is contained in a removable housing at 
the upper left of the dial. The dial is adjustable one-half 
scale division either way from center to compensate for 
airframe. tolerances in the zero lift angle of attack in 
individual aircrafts of like type. At the center of the 
adjustment range, the zero graduation on the dial is 
aligned with an index mark on the bezel. The dial is 
clamped in position by two setscrews in the bezel. (See 
fig. 13-19 (indicator unit).) 
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Near the rear of the unit, within the cylindrical cover, 
is a servo-motor with an integral reduction gearbox and 
a slip clutch. (See fig. 13-22). 

Motor rotation is transmitted to a central shaft. Two 
cams are mounted on this shaft. The lobes of these two 
cams actuate three snap-action switches. Two of these 
switches are wired through the two relays in the relay 
unit. These relays control the approach lights. The third 
switch is wired direct to a rudder shaker circuit, if used. 

Each switch is mounted on an arm pivoted about the 
cam shaft and secured with an adjusting screw to the 
body of the unit. Thus, each switch can be positioned 
angularly with respect to the actuating lobe of its asso- 
ciated cam to regulate the point of closure of the switch 
contacts. 

The camshaft alsocarries a potentiometer wiper arm. 
This is the receiver potentiometer in the servo system. 

Rearward of the servomotor is the dial light intensity 
control. It consists of a resistance winding with a mov- 
able slider. The slider is adjusted by means of a recessed 
slotted screwhead accessible at the rear of the cover. 
By rotating the screw, the light intensity in the indicator 
unit can be made to match the intensity of the other 
instrument lights on the panel. This control may be con- 
nected in series with the aircraft's master dimmer con- 
trol. Figure 13-23 shows an electrical schematic diagram 
of the angle of attack system. 

For additional information on a particular type of 
angle of attack system, consult the handbook for the 
system. 

The Naval Aeronautic Publications Index, NavAer 
00-500, contains a listing of the handbooks that apply to 
the various systems. 
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QUIZ 


The type designation of a relay is RY 3150-C-2., 
What type relay is it? 

a. Armature type, differential, operating temper- 
ature from-65° C. to +200° C., enclosed but 
not sealed relay 

b. Armature type, ratchet, operating temperature 
from -55° C. to +85° C., relay 

c. Armature type, sensitive, operating tempera- 
ture from -65° C. to +125° C., sealed relay 

d. None of the above 

The stall warning system contains 

a. 4 units 

b. 3 units 

c. 2 units 

d, 1 unit 

Contactor relays (power relays) are used to control 
d-c power circuits of 

a. 30 volts 500 amps 

b. 28 volts 600 amps 

c. 27 volts 400 amps 

d. 28 volts 500 amps 

In the AVP-109C generator control panel the polar- 
ized differential relay opens on a reverse current of 

a. 20 amps 

b. 30 amps 

c. 15 amps 

d. 25 amps 

With the AVP-109C generator control panel installed 
in a generator system, the voltage across the series 
winding of the generator at rated loadvaries between 

a. 1.6 and 2.3 volts 

b. 2.3 and 2.7 volts 

c. 1.8 and 2.5 volts 

d. 2.0 and 2.6 volts 

When excessive voltage occurs on one of the genera- 
tors in the AVP-109C generator system, it is re- 
moved from the main bus by the 

a. polarized voltage relay 

b. polarized differential relay 

c. overvoltage relay 

d. equalizer disconnect relay 

The tubular probe of the airstream direction detector 
is divided into 

a. two parallel chambers 

b. three parallel chambers 

c. four parallel chambers 

d. one chamber 
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9. 


10. 


ll. 


12. 


13. 


14, 


15. 


The equalizer disconnect relay in a d-c generating 
and control system connects the regulator equalizer 
coil to the 

a. first line contactor 

b. equalizer bus 

c. main bus 

d. polarized differential relay 
The equalizer disconnect relay picks up at approxi- 
mately 

a. 20 volts 

b. 25 volts 

c. 18 volts 

d. 15 volts 
In general, a relay is divided into how many basic 
components ? 

a. 2 

b. 4 

c. 1 

d. 3 
The stall warning system is used to indicate 

a. high angle of attack 

b. medium angle of attack 

c. low angle of attack 

d. all of the above 
When generators are connected in parallel, if one 
generator tends to take more of the load than the 
others, the voltage drop on its series winding will be 

a. lower 

b. higher 

c. remain the same 

d. none of the above 
In figure 13-6 the two sets of contacts are controlled by 

a. two coils 

b. three coils 

c. one coil 

d. four coils 
Closing of a polarized relay is determined by the 

a. direction of current in the coil 

b. amount of current in the coil 

c. design of the return spring 

d. size of the core 
When a generator using a ground and feeder protector 
relay is delivering current to the main d-c bus (fig. 
13-10) the current flow from the generator is first 
through coil 

a. 2 

b. 3 

c. 4 

d. 1 
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22, 


23, 


Refer to figure 13-6. Current through coil C at the 
moment of switch closing is 

a. 250 - 400 amps 

b. 500 - 600 amps 

c. 1,500 - 1,700 amps 

d. 1,000 - 1,200 amps 
In the polarized differential relay shown in figure 
13-4, coil B causes contacts C to close at a voltage 
differential of 

a. 1 volt 

b. 0.75 to 0.85 volt 

c. 0.35 to 0.65 volt 

d. 0.20 to 0.30 volt 
The number of cams on the central shaft of the air- 
stream direction indicator unit is 

a. | 

b. 2 

Cy: 3 

d. 4 
The average voltage drop across the contacts ofa 
power relay should not exceed 

a. 0.2 volts 

b. 0.1 volts 

c. 0.4 volts 

d. 0.3 volts 
A relay marked RY 9200-A-1 would be a 

a. latch-in relay 

b. marginal relay 

c. polarized relay 

d. sensitive relay 
In figure 13-10, which is a typical circuit diagram 
for a ground and feed protector relay, coils 2 and 3 

a. aid each other 

b. oppose each other 

c., are connected in series with each other 

d. are connected in parallel with coil 1 
In the generator control panel (type AVP-109C) the 
polarized voltage relay closes at 

a. 20 volts 

b. 25 volts 

c. 23 volts 

d. 22 volts 
The airstream direction detector determines the di- 
rection of the local airflow in speeds above 90 knots 
with an accuracy of 

a. 1 degree 

b. 0.1 degree 

c. 0.5 degree 

d. 5 degrees 
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24. In the dual contactor and feeder protector assembly, 
if the first set of contacts fail to open, the second 


set of contacts will open at a reverse current of 
a. 100 amps 
b. 200 amps 
c. 350 amps 
d. 400 amps 
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SPECIAL EQUIPMENT AND 
MAINTENANCE INFORMATION 


As a senior shop petty officer, one of your most im- 
portant duties is to maintain a constant quest for ways to 
improve the efficiency of the men you supervise. There are 
many ways in which this can be done. For instance, you 
can obtain and pass on to the men information on and 
ways of using special test equipment, information con- 
cerning troubleshooting shortcuts and maintenance tech- 
niques, and so forth. This type of information is usually 
not found in the Handbook of Maintenance Instructions 
for the aircraft. 


This chapter provides information on the operation 
and use of certain test equipment generally not used 
daily, but is highly useful when needed. It also includes 
a few items of information pertaining to special mainte- 
nance and troubleshooting problems that may be noted 
and passed on to your men. There is a vast amount of 
such information available. It is not. practical to list 
all of it in this training course. The few items and ideas 
listed here are intended only as a sample of the type of 
information for which you should watch and listen. For 
instance, you should be a regular reader of such publi- 
cations as the Electronics Digest, Naval Air News, and 
the various command publications since they contain 
much information of this nature. Any improvement you 
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are able to make in the working effectiveness of your 
men adds directly to the performance record of your 
whole organization. 


CATHODE-RAY OSCILLOSCOPE 
Cathode-Ray Tube 


The cathode-ray tube is a special type of vacuum 
tube in which electrons emitted from the cathode are 
shaped into a narrow beam and accelerated to a high 
velocity before striking a phosphor-coated viewing 
screen. The screen fluoresces or glows at the point 
where the electron beam strikes it, and thus provides 
a visual means of examining and measuring current 
and voltage waveforms. Differences between the op- 
timum waveform and the scope pattern indicate that a 
circuit (and therefore the equipment) is falling below the 
optimum performance level and that corrective action 
should be applied. By using the oscilloscope in this 
manner, difficulties may be pinpointed to a specific 
circuit or portion of a circuit in a minimum of time. 

The tube is also used as the visual indicating device 
for display information obtained by radar, sonar, radio, 
direction finders, loran, and television. 

The beam of electrons has practically no weight or 
inertia and follows a straight line unless diverted by an 
electric or a magnetic field. Cathode-ray tubes are 
either of two types according to the method of deflecting 
the electron beam—electrostatic and electromagnetic. 
The electrostatic type of cathode-ray tube is used in 
practically all cathode-ray oscilloscopes operating as 
test instruments. Certain radar and sonar sets use 
cathode-ray tubes that employ electromagnetic deflec- 
tion. Focusing or narrowing the beam before deflection 
is accomplished either by electrostatic or electromag- 
netic means. In the electrostatic type, the beam is de- 
flected by an electric field set up across the deflection 
plates by a deflection voltage. In the electromagnetic 
type the beam is deflected by a magnetic field established 
ae deflection current in a coil around the outside of the 
tube. 


496 


A simplified arrangement of the construction details 
of a cathode-ray tube employing electrostatic deflection 
and focusing is shown in figure 14-1. The cathode, when 
heated by the enclosed filament, releases free electrons. 
Acylindricalgrid surrounds the cathode and controls the 
beam intensity as electrons pass through the end-opening 
of the grid. The control is accomplished by varying the 
negative voltage on the grid and is called intensity or 
brightness control. After leaving the grid the electron 
stream passes through two or more cylindrical anode 
focusing plates which concentrate the electrons into a 
narrow beam. The first anode concentrates the free 
electrons and the second anode accelerates them. The 
entire assembly including the cathode, grid, and the two 
anodes is called the electron gun. The electrons emerge 
from the electron gun at high speed. 

The grid helps to narrow the beam but cannot focus it 
to a sharp point on the viewing screen. The two anodes 
aid in the focusing action, as shown in figure 14-2. The 
electric field is established between the anodes. Elec- 
trons entering this field converge at point S on the screen. 
The second anode is positive with respect to the first 
anode and both are positive with respect to the cathode in 
order to attract electrons from the cathode and to ac- 
celerate them. The impelling force of like charges tends 
to scatter the electrons, but they are accelerated to such 
a high speed that the scattering action is not effective in 
defocusing the beam. Nevertheless the mutual repulsion 
between electrons determines the sharpness with which 
a beam may be focused on the screen. 

The focus of the electrostatic type of cathode-ray tube 
is generally controlled by varying the voltage between the 
first anode and the cathode. This voltage varies the force 
exerted on the electrons and tends to narrow the beam. 
Thus, if the screen is observed when the first anode 
voltage is varied, the beam may be brought to a bright 
sharp spot. 

Focusing in an electromagnetic cathode-ray tube is 
accomplished by a coil encircling the outside neck of the 
tube. The coil may be moved along the neck to a limited 
extent to focus the beam; but the normal method, after 
the coil is in the proper position, is to vary the current 
flowing through the coil. 
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Figure 14-2.—Electrostatic focusing. 


Without lateral deflection, the electron gun produces 
only a small spot of light on the viewing screen. With 
deflection, the trace of the spot forms a line on the 
screen. The electrostatic type cathode-ray tube uses 
two pairs of deflection plates mounted at right 
angles with respect to each other, as shown in figure 
14-3. The vertical deflection plates (Yy') deflect the 
beam in a vertical direction, and the horizontal deflec- 
tion plates (Xx’) deflect it horizontally. Both pairs 
usually function simultaneously. The beam is attracted 
by the positive plate and repelled by the negative plate 
as the electrons pass between them. One plate of each 
pair is usually grounded. To deflect the beam, a posi- 
tive or negative voltage is applied between the other 
plate and ground, thus establishing an electric field be- 
tween the plates. The deflecting force varies with the 
deflection voltage across the plates and with the field 
intensity. . 

If plate Y is positive with respect toy’, the beam is 
deflected upward, striking the screen at A. If plate Y 
is negative with respect to Y’, the beam is deflected 
downward, striking the screen at R. If there is no de- 
- flection voltage across the plates, the beam will strike 
the screen atO. The amount of deflection varies with 
the deflection voltage across the plates. If plate x is 
positive with respect tox’, the beam will be deflected 
horizontally and strike the screen atc. If X is negative 
with respect to X', the beam will strike the screen at D. 
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Figure 14-3.—Deflecting plates for electrostatic cathode-ray tube. 


Both pairs of plates are mounted near the output end of 
the electron gun with the vertical deflection plates 
farthest from the screen. Centering controls are pro- 
vided, which enable the operator to move the spot to any 
desired point on the screen. 


The electron beam deflection angle is the angle through 
which the beam may be deflected in any direction from the 
centerline through the tube. A cathode-ray tube having a 
50° deflection angle is one inwhich the electron beam can 
be deflected in any direction at an angle of 25° with respect 
to the centerline. Such tubes are called wide-angle tubes 
and are constructed with a greater flare and shorter 
length so that the beam can be deflected through a large 
angle without striking the tube walls. Wide-angle cathode- 
ray tubes are used extensively in television receivers. 


The length of time that the screen glows or fluoresces 
at the point where the electron beam strikes it, depends 
on the material of the phosphor-coating on the screen, 
and is known as screen persistence. Some cathode-ray 
tubes have a long persistence screen and others a short 
persistence, depending on their use. The screen phos- 
phors are designated by the letter "P" followed by a 
number. Most radar indicator cathode-ray tubes em- 
ploy P1, P4, or P? screen phosphors. The P1 and P4 
phosphors have medium persistence and give off green 
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and white light respectively. The 7 screen has long 
persistence and gives off yellow light. 

All fluorescent materials have some phosphorescence, 
or afterglow, but the duration of the afterglow varies with 
the material, as well as with the amount of energy in the 
beam causing the emission of light. A screen material 
on which the image will linger is desirable for oscillo- 
scopes used for observing nonrepeating or periodic 
phenomena that occur at a low repetition ratio. In appli- 
cations where the image changes rapidly, prolonged after - 
glow is a disadvantage, because it may cause confusion 
on the screen. 

The eye retains an image for about one-sixteenth of a 
second. Thus, in a motion picture the illusion of motion 
is created by a series of still pictures flashed on the 
screen so rapidly that the eye cannot follow them as sep- 
arate pictures. In the cathode-ray tube the beam is 
repeatedly swept across the screen and the series of ad- 
jacent spots appears asa continuous line. Thusthe wave- 
shape of an a-c voltage can be observed on the screen 
when the a-c voltage is applied to one pair of deflection 
plates, and simultaneously a second voltage of appropriate 
characteristics is applied to the other pair of plates. 

The conventional way of representing voltage or cur- 
rent of sine waveform is shown in figure 14-4 (A). The 
voltage to be observed is applied across the vertical 
deflection plates and simultaneously a sawtooth voltage 
is applied across the horizontal deflection plates. The 
sawtooth voltage moves the beam from left to right at 
constant speed to form the time scale along OX; then it 
returns the beam rapidly to the starting position at the 
left and repeats the operation. The sawtooth voltage is 
so named because when plotted against time it resembles 
a sawtooth as shown in figure 14-4 (B). As the voltage 
increases from A to B, the beam is swept from 0 to 12 
(fig. 14-4 (A)). As the voltage falls from B to C (fig. 
14-4 (B)), the beam is quickly returned to its starting 
position and the process is repeated. 

If an a-c voltage of sine waveform is placed across 
the vertical deflection plates with no horizontal deflec- 
tion, a single vertical line appears on the screen. The 
varying rate of change of the voltage is hidden because 
the vertical movements retrace themselves repeatedly 
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Figure 14-4.—Sine-wave and sawtooth voltage waveforms. 


on the same vertical line. Similarly, if a sweep voltage 
of sawtooth waveform is applied to the horizontal deflec- 
tion plates in the absence of vertical deflection, a hori- 
zontal line is formed and the rate of change of the volt- 
age is obscured. However, when both voltages are 
introduced at the same time, the vertical motion of the 
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beam is spread out across the screen to form a sine 
curve like that shown in figure 14-4 (A). 


Oscilloscope Circuits 


A block diagram of a cathode-ray oscilloscope is 
shown in figure 14-5. The horizontal deflection amplifier 
is a high-gain R-C coupled class A wide-band voltage 
amplifier that increases the amplitude of the horizontal 
input voltage and applies it to the horizontal deflection 
plates. The sweep generator supplies a sawtooth voltage 
to the input of the horizontal amplifier through a switch 
that provides an optional external connection. The verti- 
cal deflection amplifier increases the amplitude of the 
vertical input voltage before applying it to the vertical 
deflection plates. The input to the vertical amplifier 
appears in magnified form on the viewing screen as a 
graph of the current or voltage waveform being examined. 
A rear terminal block provides direct electrical connec- 
tions to the deflection plates. The direct connections are 
used, for example. when examining d-c potentials, or 
high-frequency signals that would be attenuated exces- 
sively by the amplifier circuits. The power supply pro- 
vides all d-c voltages for the tubes including a high d-c 
potential for the cathode-ray tube. 
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Figure 14-5.—Block diagram of a cathode-ray oscilloscope. 
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A schematic diagram of an elementary cathode-ray 
oscilloscope is shown in figure 14-6. The cathode-ray 
tube employs electrostatic focusing and deflection. V1 is 
the vertical amplifier, v2 the horizontal amplifier, and 
v3 the sweep generator. R1 is a manual vertical gain 
control, R2 is a manual horizontal gain control, S3 is the 
coarse frequency adjustment for V3, and R10 is the fine 
frequency adjustment. An external synchronizing signal 
may be applied from an external source to the grid of v3 
when S2 is in the EXT. SYNCT. position. F3 provides 
manual control of the sync signal amplitude. 

The low voltage power supply includes a conventional 
full-wave rectifier, v4; secondary windings L4, L5, and 
L6 of the power supply transformer; and the pi-filter (17, 
L13, and c18). The cathode of v4 is positive with respect 
to ground. The output voltage (440 volts) is applied to the 
plate circuits of v1, V2, and V3. The voltage divider (R14, 
R15, and R19) is connected across the output of V4 and 
supplies +170 volts to the left side of the centering con- 
trols (P17 and R18). 

The high voltage power supply includes V5 and sec- 
ondary windings L6,L7, and L8 of the power supply trans- 
former. The output voltage of V5 is negative with respect 
to ground and is applied across the voltage divider (R20, 
R21, R22, and R24). C19 filters the output voltage. The 
tap between R20 and R21 supplies +170 volts to the right 
side of R17 and R18. 

The cathode of the cathode-ray tube is connected at 
-1,000 volts with respect tothe ground. The second anode 
in the cathode-ray tube is grounded, and the first anode 
is negative with respect to the second anode but both 
anodes are positive with respect to the cathode. This 
arrangement provides the necessary accelerating voltage 
for the electrons in the beam to form a bright spot on the 
screen. At the same timeit prevents defocusing the spot 
by holding the average voltage across the deflection plates 
close to the potential of the second anode. The arrange- 
ment also introduces a safety factor by removing high 
voltage from the deflection plates and the associated input 
terminals on the rear panel. 

Capacitors Cl, c2, and C3 block any external d-c volt- 
age components from the grids of V1, V2, and V3. Similarly, 
capacitors C7 and C8 block the d-c components of plate 
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voltage from the cathode-ray tube deflection plates and 
at the same time couple the a-c components to them. C9 
couples a blanking pulse to the grid of the cathode-ray 
tube, which blanks out the return trace of the sweep gen- 
erator. During the time the sweep voltage rises in a 
positive direction, C9 charges at a constant rate through 
R24 and the C-R tube bias is reduced accordingly. As the 
sweep voltage suddenly falls and snaps the electron beam 
back to the left side of the screen, ©9 rapidly discharges 
through R23, driving the cathode more positive, and biases 
the C-R tube below cutoff so that the return trace is 
invisible. 

The synchronizing voltage applied to the grid of V3 
stabilizes the screen pattern. 

P17 and R18 are positioning controls that provide man- 
ual adjustment of the low d-cvoltages that may be applied 
across the two pairs of deflection plates. The spot is 
approximately centered on the screen when the voltage 
between the contact arms of F17 and R18 is zero. Moving 
the contact arm of R17 to the right makes one vertical 
plate more negative and thus repels the beam and moves 
the spot vertically a certaindistance on the screen. Con- 
versely, moving the contact arm of F17 to the left of the 
zero position makes the vertical plate more positive. 
This attracts the beam and moves the spot inthe opposite 
direction. 


Applications 


OBSERVATION OF WAVEFORMS.—The cathode-ray 
oscilloscope is generally used to observe voltage wave- 
forms in testing electrical circuits. The electrostatic 
cathode-ray tube employs voltage sources rather than 
current to deflect the electron beam. For this reason 
the electrostatic type of cathode-ray tube is used in test 
oscilloscopes. The electromagnetic cathode-ray tube is 
a current-operated device. It is used in certain applica- 
tions other than general testing, where its properties 
make it more suitable than the electrostatic tube. 

To obtain an accurate representation of the voltage 
waveform, a few precautions must be observed. For the 
protection of both the operator and the oscilloscope, the 
approximate magnitude of the voltages in the circuit 
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Figure 14-6.-Schematic diagram of an elementary cathode-ray 
oscilloscope. 
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under test must be known. Dependable data can be ob- 
tained from the oscilloscope only if its sensitivity and 
frequency characteristics are known. To make certain 
that the waveform will not be distorted, it is essential 
that the manner inwhich distortion takes place be under- 
stood and that precautions be taken to minimize such 
distortion. 

The input to most oscilloscopes is between an input 
terminal and ground. The input terminal is coupled to 
the amplifier grid through a capacitor whose voltage 
rating rarely exceeds 450 volts. Therefore, unless the 
approximate magnitude of the voltage under test is known, 
damage to the oscilloscope through breakdown of the input 
capacitor may occur. 

In some cases it may be necessary to observe wave- 
forms in circuits where the voltage is much greater than 
that which the components within the oscilloscope can 
withstand. Avoltage divider may be used in such instances 
to reduce the voltage to a value that will not damage the 
equipment. In any case, it is important that the oscillo- 
scope be adequately grounded—a precaution that must be 
taken for the protectionof the operator, because a failure 
of some partof the voltage divider can raise the potential 
of the whole oscilloscope to a dangerous level if the case 
is not properly grounded. 

If a capacitance voltage divider is used, a wise pre- 
caution is to shunt each capacitor with a high resistance 
to maintain the proper voltage distribution across each 
capacitor. 

The range of sweep frequencies in a given oscilloscope 
is usually indicated on the control panel, as shown in fig- 
ure 14-7. The sweep frequency generator in this example 
has a frequency range of 3 to 50,000 c.p.s. The frequency 
range that the vertical and horizontal amplifiers are 
capable of amplifying properly is given in the applicable 
manufacturer's instruction book. In this example the 
vertical amplifier has a bandwidthfrom 30 c.p.s. to 2 mc. 
and the horizontal amplifier has a bandwidth from 25 
c.p.s. to 100,000 c.p.s. Generally, only the best oscillo- 
scopes use amplifiers that will amplify voltages whose 
frequency is below 30 c.p.s. or above 100,000 c.p.s. 
Oscilloscopes that do not cover as wide a range of fre- 
quencies as the one shown in figure 14-7 may be 
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Figure 14-7.-Oscilloscope controls. 


satisfactory for most uses; however, distortion is likely 
to occur when sawtooth or rectangular waveforms of a 
high recurrence rate are investigated. 

The deflection sensitivity may be expressed as the 
distance in millimeters that the spot is moved on the 
screen when 1 volt is applied across one pair of deflection 
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plates. The deflection sensitivity of the vertical deflec- 
tion plates in the oscilloscope shown in figure 14-7 is 
0.528 millimeters per volt. Expressed in volts per inch 
of deflection, the deflection becomes 25.4/0.528, or 48 
volts per inch. The deflection sensitivity of the horizontal 
plates in this example is 0.379 millimeters per volt, or 
67 volts per inch. 

The deflection sensitivity may also be expressed as 
the input voltage to the amplifier (horizontal or vertical) 
for a deflection of 1 inch of the spot on the screen. In 
this case the amplifier gain control is adjusted to a suit- 
able value that is arbitrary (for example, midscale). In 
the example of figure 14-7, both the horizontal and verti- 
cal deflection sensitivity are 0.1 volts r.m.s. for 1-inch 
peak-to-peak deflection. 

To avoid pickup of stray signals the leads from the 
circuit under test should be as short as possible, and they 
should be shielded. The cathode-ray tube itself is shielded 
by the special type coating on the inside of the tube anda 
metal shield on the outside. A common side of the oscil- 
loscope circuits is grounded and should be connected to a 
ground point in the circuit under test and toagood exter- 
nal ground connection. 

Several causes of distortion are possible in the pro- 
duction of a cathode-ray tube display. Some of these 
causes are: 

1. Exceeding the bandwidth limitation of the deflection 
amplifiers. 

2. A defective sweep generator. 

3. Excessive flyback time. 

4. Excessive synchronizing voltage. 

5. Oscilloscope loading of a high impedance test 
circuit. | 

6. Oscilloscope capacitance shunting of video ampli- 
fier test circuit. 

7. Use of a variety of oscilloscopes and test leads on 
one equipment. 

8. Improper shielding of test leads. 


Lissajous Figures 
If a sinusoidal alternating voltage is applied only to 
the horizontal deflecting plates of a cathode-ray tube, a 
single horizontal line will be seen on the screen. 
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The beam, starting at the left of the screen, moves 
slowly at first, then rapidly across the center, and slows 
down to stop at the right of the screen, after which it 
reverses its direction, again traveling slowly at the ends 
and rapidly in the center. But the eye sees only a single 
straight line. 

If, next, an alternating potential is applied to the verti- 
cal deflecting plates alone, then a similar vertical line 
will appear on the screen. 

The patterns that will appear on the screen when alter - 
nating voltages are applied simultaneously to both the X 
and the Y deflecting plates will now be considered. 

First, assume that the alternating voltages have pre- 
cisely the same frequency and are in the same phase. In 
other words, they both pass through their zero values at 
the same moment and they both reach their crests at the 
same moment. 

In figure 14-8, the horizontal wave is shown at X and 
the vertical wave is shown at Y. Starting at zero voltage 
in both cases, the spot is at the center of the screen. A 
moment later, 1 in the figure, the spot has been moved 
upward by voltage Y andto the right by voltage X. After one- 
quarter of a cycle, it is at the upper right corner of the 
screen, 2 in the figure. 

Then, as the voltages decrease, the spot of light re- 
traces this path along the straight line to the central 
point. During the negative half cycles the spot of light 
on the screen moves from 0 to 6 and back to 0. Thus, the 
addition of two voltages in the same phase and of the same 
frequency results in a straight line on the screen. The 
line makes an angle of 45° with the X and Y axes when the 
voltages are of equal value. If two voltages are not of 
equal amplitude, the straight line will be produced, but it 
will occur at an angle differing from 45°. 

Next, consider the case when the two voltages have 
exactly the same frequency and amplitude, but start a 
quarter of a period out of phase with respect to each 
other. The application of these two voltages to the X and 
Y plates results in a movement of the spot of light on the 
screen in a circular pattern as shown in figure 14-9. If 
the two voltages are not of equal amplitude, an ellipse 
will be formed on the screen. 
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Figure 14-8.-Two sine waves of the same frequency and phase applied 
to X and Y plates move the spot along a straight line. 


Next, consider the case when the voltages on the X and 
Y plates are of equal amounts, start in phase with other, 
but differ in frequency in the ratio of 2 to 1. Figure 14-10 
shows how the figure-8 pattern is compounded from these 
two simple harmonic motions. 


It is an interesting problem to work out the shapes of 
the pattern on the screen when alternating potentials of 
different amplitude ratios, frequency ratios, and phase 
differences are applied to the deflecting plates. Figure 
14-11 illustrates a few of the possibilities. Conversely, 
when a particular pattern is noted on the screen, figure 
14-11 helps to tell the frequency, amplitude, and phase 
relationship of an unknown voltage with respect to a 
standard. The various figures shown are known as 
Lissajous patterns. 
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Figure 14-9.—A circle is obtained when the two waves have the same 
amplitude and frequency but are not in phase. 
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Figure 14-10.-The voltages on the deflection plates are equal in 
amplitude and phase, but the frequency applied to Y is twice that on X. 
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Figure 14-11.—Some Lissajous patterns. 


VACUUM TUBE VOLTOHMMETER 


Vacuum tube voltohmmeters have a very high input 
impedance. They utilize the power gain of a vacuum tube 
to produce meter movement without loading the source 
of the voltage to be measured. They may also be used 
for measuring resistance. This is done by comparing the 
resistance to be measured with a fixed resistance. The 
unknown resistance is connected in series with a resist- 
ance and a fixed voltage. The voltage appearing across 
the unknown resistance is proportional to its ohmic value. 
The voltohmmeter resistance scale is calibrated inohms 
rather than in volts. 

The vacuum tube voltohmmeter discussed in this chap- 
ter utilizes this principle of operation. Figure 14-12 
shows a typical vacuum tube voltohmmeter. You may not 
find this particular meter in your shop, but, with all 
probability, the one that you use will be similar. 

The vacuum tube ohmmeter shown in figure 14-12 is 
designed to measure d-c voltages ranging from 0.1 to 
1,200 volts, r.m.s. sine wave voltages from 0.1 to 1,200 


514 





Figure 14-12.—Vacuum tube voltohmmeter. 


volts, and resistance values from 0.2 ohms to 1,000 meg- 
ohms.. The frequency range of this meter when measur- 
ing a-c voltage is up to 3 megacycles. There are other 
types of vacuum tube voltohmmeters that havea frequency 
range up to 300 megacycles. A meter of this type would 
only be used in radio and radar circuits. Since the Avi- 
ation Electrician will be concerned with circuits that have 
amuch lower frequency range, a meter having a frequency 
range up to 3 megacycles is adequate. 

Figure 14-13 shows an electrical schematic of the 
vacuum tube voltohmmeter shown in figure 14-12. An 
explanation of this circuit will help you to understand the 
operation of this meter and also any other vacuum tube 
voltohmmeter, since all are basically the same. 

The meter utilizes a push-pull, amplifier-type, d-c 
bridge circuit. This circuit possesses good linearity 
response, good stability, and high input impedance. When 
no voltage measurement is being made, the cathode 
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Figure 14-13.—Electrical schematic of vacuum tube voltohmmeter. 


currents through both halves of V2 are equal; thus, the 
meter reads zero, since its bridge is balanced. 


Two rotary wafer switches are mounted on the front 
of the vacuum tube voltohmmeter. One of these switches 
allows the operator to select what is to be measured. The 
quantities that can be measured are a-c volts, minus volts, 
positive volts, or ohms. The other switch is a range 
switch. It enables the operator to select the operating 
limits for the particular quantity to be measured. 
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Figure 14-13.—Electrical schematic of vacuum tube voltohmmeter.— 
Continued 


Assume that an a-c voltage whose range will not 
exceed 3 volts is to be measured. The switch selection 
of S28 is as shown in figure 14-13. The a-c voltage to be 
measured will be rectified by V1A (12AL5 detector). This 
rectified voltage appears across resistors R10,R11, R12, 
and R18. Figure 14-14 shows a simplified schematic of 
this circuit. The a-c voltage to be measured is applied 
across the test cables. Negative alternations pass directly 
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across V1A, from cathode to plate to ground, and are not 
measured. Positive alternations, unable to pass from 
plate to cathode in V1A, pass instead from ground through 
R18, R11, and R10. At this point, ground is negative and 
the upper end of R10 is positive. Therefore, the junction 
of R10 and R11 is positive with respect to the junction of 
R11 and R18. Consequently, the grid of v2A is made posi- 
tive, while its cathode is made more negative, so that 
current increases across V2A and through R13. At the 
same time, the junction of R11 and R18 is positive with 
respect to ground. As a result, the cathode of V22 is 
made positive with respect to its negative ground- 
connected grid, and current decreases through V2B and 
R14, The unequal currents through R13 and R14 cause 
unequal voltage drops across them, so that a difference 
of potential exists between the plates of V24 and V2B. This 
difference of potential, which is proportional to the 
magnitude of the voltage being measured, causes meter 
current (and thus pointer deflection) to also be propor- 
tional to the voltage being measured. 

When measuring d-c voltage (minus or plus), selector 
switch S1 is positioned either to the minus or plus posi- 
tion, depending on the polarity of the d-c voltage to be 
measured. Selector switch S2 is then positioned to the 
range of voltage to be measured (3 to 1,200 volts d. c.). 
Figure 14-15 shows a simple schematic of the d-c volt- 
age measuring circuit. 

The total amount of voltage to be measured appears 
across the voltage divider network R2, R3, R4, R5,and R6. 
However, regardless of its magnitude, a maximum of only 
3 volts is ever applied across V2A's grid circuit, com- 
prised of R12 and C4. Any voltage greater than 3 volts 
would cause meter damage. When a large voltage is being 
measured, proper grid voltage is obtained by picking off 
a small portion of voltage from the voltage divider. If the 
d-c voltage to be measured is not in excess of 3 volts, 
switch S2A is set at position 1, and all the voltage across 
the divider is applied to the grid circuit of V2A, On the 
other hand, if a maximum of 1,200 volts is to be meas- 
ured, S24 is set at position 5. The entire 1,200 volts is 
dropped across the voltage divider, but only 3 volts of 
this is dropped across r6. Asa result, the voltage ap- 
plied to the grid circuit is still only 3 volts. Intermediate 
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Figure 14-14.—Simplified vacuum tube voltohmmeter bridge circuit. 
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Figure 14-15.—Simplified d-c voltage measuring circuit. 
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voltages are measured by selecting intermediate positions 
on S2A, This voltage is interpreted into meter pointer 
deflection in the same manner and by the same tube and 
resistors as described for measuring a-c voltage. 

An unknown resistance may be measured by connect- 
ing it in series with a known resistance and voltage. 
This principle is applied in the simplified resistance- 
measuring circuit shown in figure 14-16. 
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Figure 14-16.—Simplified resistance-measuring circuit. 


Ifthe test cables in figure 14-16 are shorted together, 
and S28 is set at any position (R30 for instance), the entire 
known testing voltage (1.5 battery volts) will be dropped 
across R30. This voltage will also be applied across R12 
and C4 inV 24's gridcircuit. Thiscauses maximum meter 
deflection, which indicates zero ohms. The ohms-adjust 
rheostat may be used to set the pointer exactly on zero. 
When an unknown resistance is placed between the test 
cables (in series with R30), the voltage drop across R30 
decreases and the difference in voltage appears across 
the unknown resistance. Sincethe gridof V2A is sensitive 
only to the voltage of R30, the addition of the unknown re- 
sistance causes a decrease in positive grid voltage. This 
causes a decrease in tube conduction and meter deflection. 
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The ratio of voltage drop across R30 to the voltage 
drop across the unknown resistance is directly propor- 
tional to their relative ohmic values. Consequently, tube 
conduction and meter deflection is inversely proportional 
to the ohmic value of the unknown resistance. When mak- 
ing resistance measurements, switch S28 should be set 
at a resistance value that is nearestto that of the unknown 
resistance. For instance, if the unknown resistance is a 
thousand times as great as the selectedresistance in the 
meter, pointer deflection would be only 1/1,000 of the 
scale. A movement this small would be useless for ob- 
taining an accurate reading. However, if the selected 
resistance andthe unknown resistance are approximately 
equal, pointer deflection will be approximately midscale. 
On this portion of the scale, more accurate readings are 
obtained because the scale increments are widely spaced. 


HIGH -VOLTAGE INSULATION TESTER 


Several types of high-voltage insulation testers are 
currently in use. All are similar in many respects. They 
are designed for the purpose of detecting or measuring 
leakage paths through or across high-voltage insulation. 
Spark-plug cables, distributors and various other parts 
of ignition systems can be tested for adequate insulation 
resistance at the operating voltages. Many different 
pieces of insulation other than ignition equipment can also 
be tested at high voltage. Figure 14-17 shows a typical 
insulation tester. The unit is portable and connecting 
cables and test leads are stowed in the cover. It will 
measure the insulation resistance in megohms at any d-c 
voltage between 2,000 and 15,000 volts. The voltage ap- 
plied to the insulation will drop more or less in propor- 
tion to the leakage current, thereby preventing destruc- 
tive damage to the part being tested. 

The equipment consists of a voltage doubler rectifier 
circuit with indicating meters and control circuits. The 
input primary supply voltage may be either 117-volt, 60- 
cycle a.c., single phase, or 24-volt d.c. (battery source) 
at 3.3 amperes. When a 24-volt battery source is used, 
this d-c supply is converted to 117 volts a.c. by a vibra- 
tor type inverter contained in the unit. 
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Figure 14-17.—Insulation tester. 


The unit's high-voltage transformer is energized by 
alternating current supplied through a continuously vari- 
able autotransformer (commonly called a VARIAC). The 
secondary of the high-voltage transformer produces a-c 
voltages from 0 to 10,000 volts r.m.s., depending upon 
the setting of the VARIAC. High-voltage direct current 
is produced by means of two high-voltage capacitors and 
two half-wave rectifiers connected in a voltage doubler 
circuit. Direct-current voltages from 0 to 15,000 are 
available. The two half-wave rectifiers are of the cold 
cathode type and require no filament power or any warmup 
time. 

The output of the voltage doubler circuit is connected 
toan adjustable ball-type spark gap through a7,500-ohm, 
25-watt wire-wound resistor. One side of the spark gap 
is grounded to the equipment panel. 

The voltage at which the spark gap breaks down (sparks) 
can be adjusted very closely to the desired maximum 
voltage to be applied tothe equipment being tested. In the 
event of an input supply voltage surge or should the oper- 
ator turn the VARIAC too high, a spark jumps across the 
safety gap, short-circuiting the output test lead circuit. 
This prevents applying excessive voltage to the equipment 
being tested. The gap can be set by a screw adjustment 
on the front panel, to break down at any voltage desired. 

When the output voltage exceeds the breakdown volt- 
age of the safety gap by a slight amount, short bursts of 
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sparks jump across the gap. If the voltmeter, located on 
the front panel, is read just before the sparkoccurs, this 
reading indicates the maximum voltage that can be applied 
across the equipment being tested. For example, if you 
want to apply 10,000 volts to the part being tested, the 
spark gap should be set to arc at about 11,000 volts. A 
neon indicating lamp, located on the front panel, lights up 
every time the spark gap breaks down. The operator is 
protected from shock after turning off the equipment by 
means of a high-voltage capacitor discharge switch that 
is mechanically linked to the TEST VOLTAGE switch. 

For detailed information concerning the description, 
operation, and maintenance of a tester, consult the in- 
struction handbook that has been published for that par- 
ticular piece of equipment. 


SPECIAL MAINTENANCE PROBLEMS 


As the ceiling for aircraft on extended flights has been 
raised higher and higher, many new types of operating 
and maintenance problems have developed. Some of the 
various types of equipment involved are generators, volt- 
age regulators, electric motors, and solenoids. Electric 
brushes on generators, inverters, electric motors, and 
other rotating electrical machinery wear away very 
rapidly at high altitude (around 40,000 feet). Special 
brushes have been developed that have longer life at high 
altitude. Thus, it is advisable to use the proper type 
brushes and to check them more frequently when high 
altitude flying is being performed. 

While most switches will break a circuit safely at sea 
level, their contacts may burn and in some cases even 
melt at high altitude. It has been found that double -break 
contact switches somewhat alleviate this fault. Since 
electric and electronic systems use _ special design 
switches for high altitude operation, when making a re- 
placement it is necessary to use the proper type. 

Other items that often fail during high altitude flights 
are electrical plugs and receptacles. A voltage break- 
down occurs between the pins and shell along the surface 
of the insulating material. The result is a burned plug. 
This happens because the breakdown voltage is less at 
high altitude. For example, the breakdown voltage for a 
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1/4-inch air gap is about 3.7 times greater at sea level 
than at 40,000 feet. 

This condition may be overcome by sealing the con- 
nector with a potting compound. This reduces the prob- 
ability of arc-over between pins or between pins and the 
shell of the electric connector since the dielectric char- 
acteristics of the connector are improved. This sealing 
compound willalso protect the connectors from corrosion 
or contamination by excluding metallic particles, mois- 
ture, and aircraft liquids. For information regarding the 
application of a sealing compound consult the current 
publication on this subject. 


Environmental Considerations 


In recent years the effect of environmental conditions 
upon the operation of electronic and electrical equipment 
has greatly increased the maintenance problems of the 
electrician. These peculiar conditions may be grouped 
under the major headings of altitude, temperature, and 
humidity. At the extremes of these conditions special 
maintenance and operating procedures are required. 
Equipments required to function at these extremes fre- 
quently fail due to the effect of decreased air density, 
radical temperature changes, and moisture. 

Continuous damp, warm air causes condensation of 
atmospheric moisture within equipment unless units are 
hermetically sealed or the interiors are maintained ata 
temperature higher than surrounding atmospheric tem- 
peratures. Condensed moisture forms leakage paths and 
causes corrosion. These climatic conditions promote 
rapid fungus growth which in itself has a corrosive effect 
on materials, such as wire, switch contacts, and other 
metal parts. 

ADVERSE CLIMATIC CONDITIONS AND THEIR EF- 
FECTS. —Humidity is a term describing the amount of 
water vapor in the air. It is usually expressed as a per- 
centage of the total amount of water the air can hold ata 
given temperature. Thus, 50 percent means the air con- 
tains one-half the total water it can hold, and 100 percent 
means it contains all it is capable of holding. Air can 
hold more water as its temperature increases. In tropical 
areas the humidity varies between 60 and 100 percent. 
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This high humidity accounts for the condensation of mois- 
ture, or sweating, on various parts of electronic equip- 
ments when they undergotemperature changes. Condensed 
moisture on insulating materials reduces their insulating 
qualities and results in arc-overs and shorts between 
terminals. The water vapor also penetrates into the body 
of insulation, is absorbed, and causes similar effects. 
High humidity also causes corrosion of metals. Other 
sources of moisture which cause deterioration include 
fog, salt spray, and rain. 

Ingeneral, equipment may encounter extreme temper- 
atures, ranging from minus 65° F. to a maximumof 135° 
F., under various climatic conditions of high humidity, 
fog, rain, salt spray, salt air, cold, insects, fungi, and 
dust. High temperature and moisture vapor cause rapid 
corrosion. Fungus and bacterial growths produce acids 
and other products which speed corrosion, etching of 
surfaces, and oxidation. This interferes with the opera- 
tion of moving parts, screws, and so forth, and causes 
dust between terminals, capacitor plates, and other parts, 
which produces noise, loss in sensitivity, and arc-overs. 

Variations of temperature cause moisture to be 
breathed through any small cracks, pinholes, or vents in 
the equipment. As the temperature rises, the air inside 
a piece of equipment expands and it is expelled, in part, 
through the openings and vents. When the temperature 
falls, the air inside the equipment contracts and outside 
air is admitted through allopenings andvents. The mois- 
ture which is breathed destroys the insulating qualities 
of dielectrics and corrodes metals. 

Fungus is a form of plant life which feeds on mate- 
rials of vegetable and animal origin including paper, 
cotton, and so forth, and such things as dead insects and 
other fungi. These may be spread by wind, dust, dirt, and 
insects, such as ants, flies, and mites. Growth may take 
place on materials other than those of organic origin if a 
spot of dust or other nutrient substance ispresent. Fungi 
thrive in the high humidities and temperatures. Fungus 
growth causes decay, accelerates the deterioration of 
insulating materials, and short circuits items such as 
relays, jacks, and keys. The inclusion of a fungicidal 
compound in the manufacture of the equipment retards 
the growth of these fungi. 
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CLIMATIC DETERIORATION PREVENTION.—Most 
new equipment is given a climatic deterioration preven- 
tion treatment which provides a reasonable degree of 
protection against fungus growth, moisture, corrosion, 
salt spray, insects, cold, desert heat, and so forth. The 
treatment involves the use of a lacquer or varnish coat- 
ing material applied with a spray gun or brush. Detailed 
instructions dealing with this treatment may be found in 
the General Instructions Handbook, T. O. No. 16-1-41. 


Radio Noise Interference 


Suppression of radio interference is a task of first 
importance to maintenance personnel. The problem has 
increased in proportion to the complexity of both the 
electric system and the electronic equipment. The air- 
craft, the engine, the electric system, and the electronic 
equipment are involved in the problem. Almost every 
component of the aircraft is a possible source of radio 
interference, which is the main factor in preventing the 
operation of receivers at full sensitivity. All personnel 
concerned should be familiar with the problem of radio 
noise and how to eliminate it. 

The overall effect of radio interference of any kind is 
to impair or deteriorate the performance and reliability 
of radio and electronic sets or systems. The interfer- 
ence may act directly by actual deterioration of the equip- 
ment response, or indirectly by wearing down the patience 
and tolerance of the human operator. Either way, the 
result is the same, since combat efficiency is materially 
reduced. 

You should know the following: 

1. What radio interference is. 

2. Where the interference originates. 

. How it gets into equipment. 

. How to identify it. 

. How to suppress it at its source. 

How to segregate its path of entry into a receiver. 

How to prevent its entry into a receiver. 

What considerations enter into the design of an 

interference-free equipment. 

. How to position and install electrical and electronic 
devices. 
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This information is presented in detail in the publica- 
tion, Reduction of Radio Interference in Aircraft, NavAer 
16-1-521. Some of the most important of this informa- 
tion will be presented briefly in the following pages. 

SOURCES OF RADIO NOISE.—The origin or sources 
of radio noise are divided into three general groups. 
These are atmospheric static, precipitation static, and 
manmade radio noise. 

ATMOSPHERIC STATIC, or "atmospherics" is aburst 
of RF energy caused by electrical discharges in the 
atmosphere. Although the frequency spectrum of atmos- 
pheric static is very wide, only frequencies in and below 
the high-frequency band propagate far enough to be very 
troublesome at long distances from the electrical dis- 
turbance. Therefore, UHF and VHF receivers are sel- 
dom troubled by atmospheric static. Reduction of such 
static is obtained by use of frequency modulation, direc- 
tional antennas, and noise-limiter circuits. Frequency 
modulation is not used extensively in aircraft radiocom- 
munication because of the bandwidth requirements. 

PRECIPITATION STATIC is caused by the develop- 
ment of large static charges on the aircraft when it is 
flown through snow, rain, ice crystals, or dust clouds. 
An aircraft can build up a charge of several hundred 
thousand volts in a few seconds. The resulting high volt- 
age gradients at extremities and sharp points exceed the 
breakdown strength of air and cause noisy corona dis- 
charges. The conventional radio antenna, whfch must 
stand away from the body of the aircraft to be of effec- 
tive height, is exposed tohigh electric fields. This means 
that coronadischarges occur first in the antenna system, 
the very place that is most sensitive to noise. Precipita- 
tion static is reduced by using a completely insulated 
antenna system—that is, by using highly insulated wire 
instead of bare wire, and by insulating all connections 
and supports for the antenna wire. Precipitation static 
is reduced also by eliminating allsharp metal projections 
from the aircraft and by installing dischargers, which 
quietly discharge accumulated static charges at a high 
rate. A discharger consists of silver-impregnated cotton 
wicking encased in a flexible plastic tube with an alumi- 
num mounting lug. The many fine high-resistance fibers 
provide a multitude of discharge points. The resulting 
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discharges are quiet up to very high currents. For de- 
tailed information onprecipitation static refer to Nav Aer 
16-1-518, Handbook Installation and Maintenance Instruc- 
tions, Anti-Precipitation Static System, 

The effect of precipitation static is a loud hissing or 
frying noise from the speaker or headset of radio equip- 
ment and interference (grass) on the picture tube of visual 
output receivers. As an AE you should not be too con- 
cerned with precipitation static since it is produced only 
when the aircraft is flying. Also, the preventive measures 
that are taken are the primary responsibility of other 
ratings. You should be aware of its characteristics for 
there is the probability that you will be asked to correct 
for radio interference that is caused by precipitation 
static. Unless you know its characteristics you will not 
be able todetermine that the equipment for which you are 
responsible is not causing the trouble. 

The principal sources of manmade radio interference 
in aircraft are rotating electrical machinery, switching 
devices, pulsed electronic equipments, transmitter spuri- 
ous emission, ignition systems, propeller control sys- 
tems, receiver oscillators, nonlinear elements, a-c power 
lines, and voltage regulators. As an AE you will not be 
concerned with all of these sources. Those with which 
you should be familiar will be briefly discussed. 

1. Rotating electric machines are a major source of 
radio interference. The types of interfering voltages 
generated by d-c machines are: (1) Switching transients 
as the brush moves from one commutator bar to another. 
This is usually called commutation interference; (2) 
Random transients caused by varying contact between 
brush and commutator. This is usually called sliding 
contact interference; (3) Audiofrequency hum (commutator 
ripple), and (4) Radiofrequency and static charges built 
up on the shaft and rotor assembly. 

Direct-current motors used in aircraft systems are 
of three general types: series wound, shunt wound, and 
permanent magnet field. The field windings of both 
series- and shunt-wound motors afford some "padding" 
or filter action against transient voltages generated by 
the brushes. The permanent-magnet motor's lack of 
such inherent filtering makes it a very common source 
of interference. It must be emphasized that the size of 
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a d-c motor has little bearing upon its interference gen- 
erating characteristics. The smallest motor aboard may 
well be the worst offender. 


The output of an ideal a-c generator is a pure sine 
wave. A pure sine wave voltage is incapable of producing 
interference except at its basic frequency. However the 
idealwaveform is difficult to produce, especially in small 
machines. Practically all types of a-c power generators 
currently used in naval aircraft have been proven to be 
potential sources of interference at other than the output 
power frequencies. This interference is produced in the 
form of (1) harmonics of the power frequency, caused by 
poor waveform, (2) commutation interference (series- 
wound motors), and (3) sliding contact interferences 
(alternators and series-wound motors). It should be 
noted that a-c motors that do not use brushes are almost 
never sources of interference. 


2. Switching devices make abrupt changes in electric 
circuits. Such changes are accompanied by transients 
capable of interfering with the operation of radio and 
electronic systems. The simple occasionally operated 
manual switch is of little consequence as a source of 
interference, Examples of frequently operated switching 
devices capable of appreciable or serious interference 
are relays, vibrators, and thyratrons. 


Since relays are used almost exclusively to control 
large amounts of power with relatively small amounts of 
power, they are always potential interference sources. 
This is especially true when they are used to control 
inductive circuits. Relay actuating circuits should not be 
overlooked as interference sources, because even though 
the actuating currents are small, the inductances of the 
actuating coils are usually quite high. It is not unusual 
for the control circuit of a relay to produce more inter- 
ference than the controlled circuit. 

Induction vibrators are essentially double -pole double - 
throw relays which operate at a constant rate. As in any 
induction type switch or relay, there are two sources of 
switching transients, the inductive field contacts and the 
switching contacts. The output waveform of the vibrator 


is essentially rectangular at some audiofrequency. Its 
harmonic content is high and filtering is difficult. 
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Because of its interfering capabilities, the vibrator 
is seldom used as a radiopower source in naval aircraft 
except for certain commercially available radio equip- 
ments found in small auxiliary aircraft. The principal 
use of inductive vibrators in naval aircraft is in connec- 
tion with jet engine ignition systems. 

Thyratrons are gas filled, grid controlled, electronic 
switching tubes which are used for many purposes. 
Among the most common uses are keyer tubes in radar 
modulators, rectifiers in regulated power supplies, rec- 
tifiers in servo systems, and relay applications. The 
current flow in a thyratron is either all ON or all OFF; 
there is no in-between. Since the time required to turn 
a thyratron ON is only a few microseconds or less, cur- 
rent waveforms in thyratron circuits are always steep 
fronted. As a result, they are rich in radio interference 
energy. 

3. Ignition systems for internal combustion engines 
produce pulses of energy capable of interfering with 
radio reception at all frequencies in current use. The 
physical layout of the ignition's distribution system is 
such as to offer a very favorable radiation system. The 
lengths of wire between the distributor and the plugs 
become very effective antennas at wavelengths shorter 
than about ten times the length of the lead. Further, the 
radial arrangement of the wires assures polarization in 
all planes. 

Unless effective preventive action is taken, ignition 
systems are highly potent sources of radio interference 
capable of complete destruction of radio reception within 
their effective fields. Fortunately, the problem of ignition 
interference is a very old one with a long history of 
development, effort, and improvement. Modern aircraft 
engine ignition systems are completely enclosed in me- 
tallic shielding harnesses. These shielding harnesses 
are so effective (when properly maintained) that the 
ignition interference problem has been reduced to a sec- 
ondary problem of proper maintenance. 

4. Propeller systems, whether hydraulically or elec- 
trically operated, are potent generators of radio inter- 
ference. This interference may be derived from propel- 
ler pitch control motors and solenoids, governors and 
associated relays, synchronizers and associated relays, 
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de-icing timers and relays, and inverters for selsyn 
operation. 

Propeller control equipments generate clicks and 
transients as often as 10 times per second. The audio- 
frequency envelope of commutator interference varies 
from about 20 to 1,000 c.p.s. The propeller de-icing 
timer generates intense impulses at a maximum rate of 
about 4 per minute. 

Values of current in the propeller systems are rela- 
tively high. The generated interference voltages are 
therefore severe. They are capable of producing moder- 
ate interference at frequencies below 100 kc. and above 
about 1 mc., with severe interference at frequencies that 
lie between these extremes. 

5. A nonlinear element may be defined as a conductor 
or semiconductor whose resistance or impedance varies 
with the voltage applied across it. Nonlinear elements 
that may cause radio interference in aircraft, in the order 
of their commonness, are overdriven vacuum tubes, oxi- 
dized or corroded joints, cold solder joints, and unsound 
welds, In the presence of strong signals a nonlinear ele- 
ment behaves as a detector or mixer, producing harmon- 
ics and sum and difference frequencies from signals 
applied to it. 

6. Alternating-current power sources produce radio 
interference of a broadband nature. In a-c powered 
equipments, a-c hum may appear at the power frequency 
or at the rectification ripple frequency. The rectifica- 
tion ripple frequency is twice the power frequency times 
the number of phases. Normally, aircraft systems utilize 
only single- and three-phase sources at 400 c.p.s. Full- 
wave rectification of single-phase, 400 c.p.s. power gives 
a ripple frequency of 800 c.p.s.; a three-phase source 
yields 2,400 c.p.s. This ripple can produce interference 
varying from annoyance to complete unreliability of equip- 
ment, depending on its severity and its coupling to sus- 
ceptible elements. 

7. Electromechanical and carbon-pile voltage zepulee 
tors are used in naval aircraft. 

The electromechanical regulator is common in older 
types of aircraft. It is essentially a fast acting relay 
which switches resistance in and out of the generator 
field coils to maintain a nearly constant output voltage. 
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As an interference source, it has all the characteristics 
of a vibrator except regularity. Most of its interference 
voltage is produced by arcing at the contact points. 

The carbon-pile regulator controls the generator field 
resistance by magnetically varying the compression of a 
stack of carbon wafers. If properly adjusted, no arcing 
occurs and the only interference voltage generated is a 
result of thermal agitation within the carbon pile. It is 
seldom severe. This type of regulator is not a serious 
source of interference. 

Manmade radio noise is caused by electrical tran- 
sients which occur during the operation of electrical or 
electronic equipment. In brief, manmade radio noise will 
be generated whenever an electrical circuit is opened or 
closed abruptly, such as by a relay, commutator, or 
other make-and-breakdevices. Asimilar condition exists 
when large amounts of current are periodically and 
abruptly started and stopped, as in radar circuits. An 
electric spark is a generator of electrical disturbances 
which appear to cover the entire radiofrequency spectrum. 

SUPPRESSION OF MANMADE RADIO NOISE. —Sup- 
pression of radio noise has advanced to the point where 
the proper application of available techniques will insure 
that receiving equipment installed in the aircraft will 
operate at optimum efficiency. The suppression or elim- 
ination of manmade radio noise is based on the premise 
that if manmade it can be man-corrected. Four types of 
suppression techniques are involved. 

Isolation is the easiest and most practical method of 
radio noise suppression and revolves around the possi- 
bility of separating the source of radio noise from the 
input circuits of the receiving equipments affected. As 
every radio noise source can be considered a small trans- 
mitter, it is obvious that the radio noise source and leads 
carrying radio noise energy should be kept as far away 
from receiver antennas or lead-ins as possible. In many 
cases, the radio noise in areceiver may be entirely elim- 
inated simply by moving the antenna lead-in wire just a 
few inches away from the source of radio noise. The 
value of sufficient separation between sources of radio 
noise and receiver input circuits is not apt to be over- 
emphasized. The isolation method of radio noise sup- 
pression is very popular as it has the advantages of not 
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requiring any additional material or adding any additional 
weight. 


Bonding is avery necessary means of radio noise con- 
trol. It provides grounding of all insulated conducting 
objects on the exterior of the aircraft. When conducting 
objects are not grounded, flight through precipitative 
weather conditions causes high-voltage charges to build 
up on those objects. Repeatedly, the voltage gets high 
enough to spark over to an adjacent ground member or 
the object discharges to the surrounding air by corona 
conduction. Either mode of aischarge causes consider- 
able radio noise. 


Other important functions of bonding are to protect 
the aircraft and personnel from lightning discharges by 
equalization of potentials produced which m. | cause 
arcs and sparks.in the aircraft structure, to p.ovide a 
homogeneous counterpoise for radio transmission and 
reception, to provide power current return paths, and to 
provide a short path for bypassing RF noise. All elec- 
tronic equipments should be grounded to the aircraft 
structure. This will be done by using short bond straps 
or by sheets of high conductivity (copper or aluminum) 
metal where it is impossible to use a short bond strap. 
No bond strap should be more than four inches in length. 


Shielding is one of the most effective methods of sup- 
pressing radio noise. The primary object in shielding is 
to electrically "bottle up" the radiofrequency noise energy. 
In practical applications, this means that the radio noise 
energy must be kept flowing along the inner surfaee of 
the shield. The use of good shielding is particularly ef- 
fective in situations where filters cannot be used and are 
not particularly effective when they are used. A good 
example of this is where radio noise energy radiates 
from a radio noise source and the radiated energy is 
picked up by the various circuits that eventually connect 
to the receiver input circuits. It is obvious that it would 
be impractical to filter a number of leads or units that 
are influenced by the radio noise energy; hence, the appli- 
cation of effective shielding at the noise source itself is 
advisable for it will eliminate the radiated portion of the 
radio noise energy by confining it within the shield at its 
source. 
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Radio interference as radiated or conducted from a 
source may be of a single frequency or may cover an 
extended band of frequencies. When bonding, shielding, 
or isolation of the source proves ineffective as a means 
of reducing radio interference, it becomes necessary to 
employ filters to accomplish this reduction. A filter is 
defined as "a selective network which transmits freely 
electric waves having frequencies within one or more 
frequency bands and which attenuates substantially elec- 
tric waves having other frequencies."' The size of a filter 
may vary widely depending on the voltage and current 
requirements as wellas the degree of attenuation desired. 
Filters are usually incorporated in equipment known to 
generate radio interference, but these filters are often 
inadequate, and in many cases it is necessary to add 
filters external to these equipments. This is especially 
true if the source of interference is coupling interference 
to paths of entry to a receiver other than the power line. 


The types of filters used in the reduction of radio 
interference vary with the application, but each of the 
general filter types may be found to be particularly 
adaptable to some specific situation. Most of the elec- 
trical devices connected to power lines have features 
required for their operation, which are conducive to the 
generation of radio interference. The interference gen- 
erated by these devices, unless properly attenuated, is 
impressed upon the power lines and conducted to the 
receivers. It may also be conducted into the receivers 
by inductive coupling to other wiring associated with the 
receivers. This interference, unless attenuated by means 
of filters, is then transmitted along these power lines, 
entering the receivers at the power line input; or this 
interference may be radiated somewhere along the power 
lines and enter the receiver by means of the antenna 
system. 


Filters are of four kinds and are defined as follows: 


Low -pass filter, which introduces negligible attenua- 
tion at all frequencies below a certain frequency, called 
the cutoff frequency, and relatively high attenuation at all 
higher frequencies. 

High-pass filter, which introduces negligible attenua- 
tion at all frequencies above a certain frequency, called 
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the cutoff frequency, and relatively high attenuation at 
all lower frequencies. 

Band-pass filter, which introduces negligible attenu- 
ation at all frequencies within the range between two 
frequencies, and relatively high attenuation at all other 
frequencies. 

Band-elimination filter, which introduces negligible 
attenuation at all frequencies outside a certain range, 
and relatively high attenuation at all frequencies inside 
that range. (NOTE: For information that covers the 
theory of operation of these filters refer to NavPers 
10087, Basic Electronics.) 

The normal characteristics of a filter are obtained 
only when the filter is properly terminated in its char- 
acteristic impedance. 

A wave trap is a filter or network especially designed 
to reject certain frequencies, or bands of frequencies. 
Networks of this type may be installed at the antenna of 
the transmitter or receiver inorder to attenuate frequen- 
cies outside of the assigned frequency range of the equip- 
ment, All such networks must have low insertion, loss, 
or attenuation, for the pass frequencies. In the design 
and construction of wave traps, the insertion loss is 
usually below 2 db. 

There are two basic circuit configurations for filter 
networks, the pi-section and the T-section. Each may be 
broken down into half sections which have an inverted L- 
shape and are known as L-section filters. If a,number 
of pi- or T-sections are connected in series to forma 
filter, the resultant network is called a ladder network. 
Any of the above circuit configurations may be used for 
radio interference elimination. 

In general, the use of simple capacitor filters is to be 
preferred over that of the more complicated network 
filters in cases where this type of filter provides the 
required degree of radio interference attenuation. In 
this method, the radio noise energy passes through the 
capacitor to ground and then back to its source. This 
short-circuiting effect is due tothe fact that the capacitor 
offers a very low impedance pathacross the noise source 
terminals. 

A given capacitor is effective in bypassing only a 
limited range of radio interference frequencies because 
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of its internal inductance and the inductance of the con- 
necting leads. The inductance of the capacitor depends 
upon its capacity, the material of which it is fabricated, 
and the length of the connecting leads. The capacitor 
leads are the major contributors to the inductance of 
capacitors. For these reasons, small mica capacitors 
with short leads are more effective as filters at high 
frequencies than large paper capacitors with normally 
long leads. Electrolytic capacitors should never be used 
as filters because of the danger of dielectric breakdown. 

The popularity of the capacitor type filter is due to 
the fact that the current used for operation of the radio 
noise source does not have to pass through the filter. 
The only energy passing through the filter is the radio 
noise energy. The most important limiting factor in the 
choice of a capacitor-type filter is the breakdown voltage 
rating of the capacitor. It must be well above the volt- 
age used to operate the source of radio noise to be 
filtered. For example, where a 24-volt source of noise 
is to be bypassed with a capacitor, the working voltage 
of the capacitor should be at least 50 volts. 


Definitions for Aircraft Electronics 


Oftentimes it is difficult tounderstand just what some- 
one has in mindwhen he is referring to electronic equip- 
ment. Terms such as component, part, subassembly, as- 
sembly, unit, group, set, system, accessory, and 
attachment are used to describe this equipment. One per- 
son will use one of these terms when referring to a par- 
ticular equipment and another will use another of the 
terms to refer to the same equipment. This results in 
confusion and misunderstanding. 

BuAer Instruction 10550.14A sets forth standard defi- 
nitions for electronic equipment. The information that 
follows defines the various terms and gives examples of 
their application. (See fig. 14-18.) 

An accessory is a part, subassembly, or assembly 
designed for use in conjunction with or to supplement 
another assembly, or a unit or set, contributing to the 
effectiveness thereof without extending or varying the 
basic function of the assembly or set. An accessory may 
be used for testing, adjusting, or calibrating purposes. 
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Figure 14-18. Definitions for aircraft electronics. 
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An attachment is defined as a part, subassembly, or 
assembly designed for use in conjunction with another 
assembly or a unit or set, contributing to the effective- 
ness thereof by extending or varying the basic function of 
the assembly, unit, or set. 


MAINTENANCE TECHNIQUES 
Brush Contouring Device 


In order to receive optimum performance from rotating 
machines that utilize brushes, it is important that the 
brushes make proper contact with the commutator or 
sliprings. Inspections of generators and motors have 
revealed that faulty operation is caused in many eases 
because the brushes do not properly fit the commutator 
or sliprings. This could be caused by the brushes having 
not been properly run-in when they were installed. 

The discussion that follows describes a brush con- 
touring device that can be easily constructed at most 
electric shops. If properly used, it will insure proper 
brush seating and also save much time. Should you decide 
to construct one of these devices you may not want to 
follow the exact procedure that follows. However, the 
information that is given should prove helpful as a guide. 

Figure 14-19 shows the disassembled parts that are 
needed for constructing the device and figure 14-20 shows 
an assembled view. . 

The following materials are needed (refer to fig. 14-19): 

1. One piece of laminated plastic (A) 4 x 6 x 1/2 inch. 

2. One brass disk (B), one inch thick, drilled in center 
to receive bolt for mounting. 

3. One piece of angle aluminum (C) 1 x 1 x 2-1/2 
inches. 

4, One piece of 1/8-inch plastic (D) 2-1/2 x 3 inches. 

5. One bolt (E) for mounting disk and two instrument 
mounting screws. One of these screws to be fitted with 
a wWingnut. 

Part (B) must be turned on a lathe since its diameter 
is critical. This part must be the same diameter as the 
commutator or slipring for which the brush is being fitted. 


The following steps should be used when contouring 
brushes: 
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Figure 14-20.—Assembly of contouring device. 
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1. Loosen the adjusting bolt in the elongated slot in 
part (C). 

2. Using an old brush removed from the generator, 
motor, or electrical starter, place brush against the 
angle aluminum, part (C), moving angle until brush con- 
tacts brass disk throughout its contoured surface. Lock 
part (C) with wingnut. Caution: Use only properly 
seated brushes for step 2. 

3. One person then holds a strip of very fine sand- 
paper, 1 inch wide, on outer diameter of brass disk, and 
pulls the ends alternately back and forth, keeping sand- 
paper taut. The other person holds anew brush against 
part (C) and pushes lightly against the sandpaper until 
the proper contour is formed on the brush end. NOTE: 
Be careful to keep brush tight against part (C) during 
contouring. 

By contouring brushes with this device instead of in 
the generator, all carbon, dust, grit and so forth are kept 
out of the generator. Moreover, the brush surface will 
be cortoured at the correct angle with respect to the 
longitudinal axis of the brush. With the device, less run- 
in time is required, there is less chance of generator 
failure due to brushes heating, and excessive commutator 
and slipring wear is eliminated. 


Testing AN Connectors 


In the course of normal troubleshooting, the AE very 
often has occasion to gain access to a circuit through an 
AN connector. These connectors are convenient for ob- 
taining voltage checks, and for making resistance or 
continuity tests. In some cases, the connector itself is 
found to be faulty. Next to broken or faulty solder joints 
in the back of the connector pins, the most common fault 
of connectors is loss of internal contact between pins 
and receptacles. A receptacle may be "sprung" from a 
physical blow, or repeated connecting and disconnecting. 
When this occurs, the receptacle does not "grip" the pin 
with sufficient tension to maintain good electrical contact. 

Corrective tension may be checked by the use of test 
devices similar to the ones shown in figure 14-21. Old 
ignition lead connectors are used for handles inthis case, 
but any other suitable material may be used. Inserted 
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and secured within the phenolic handles are steel pins 
machined to the proper diameters shown in table 14-1. 
(Brass pins from spare connectors may be used, but they 
wear quickly.) 


PIN TO BE INSERTED IN 
AN CONNECTOR 










Figure 14-21.—AN connector and test devices. 


Table 14-1.—Connector Pin Size and Separating Forces. 
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5 1/2 
8 10 3/4 
4 15 ] 
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To use a test pin, it is inserted to its full depth ina 
receptacle, then pulled straight out, with no side pres- 
sure. A defective receptacle is indicated by a lack of 
grip on the test pin. A spring scale, or weights of ap- 
propriate size, are used to make an accurate check. 
However, retracting-force requirements are quite broad, 
so that adequate "feel'' may be developed, and thus speed 
up the work. 

In addition to checking connective tension, the test 
devices may be used as adapters. Each test device may 
include a female receptacle in the end opposite the male 
testing pin. This receptacle is drilled to an inside 
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diameter to accommodate the standard voltohmmeter test 
probe. By selecting the test device adapter with the cor- 
rect size pin, a secure test connection may be made to 
any size connector receptacle. The voltohmmeter probe 
may then be inserted into the drilled receptacle; thereby, 
it will not have to be held by hand in a receptacle too 
large for it, nor will it 'spring'' a receptacle that is too 
small. 


Replacement of Parts 


New designs and new techniques in the manufacture of 
electronic equipment require that some of the old stand- 
ards be revised. Among these are methods of soldering 
special parts, such as transistors and crystal diodes. 
These semiconductors cannot safely withstand the heat 
that even the pencil type soldering irons must produce to 
melt the solder that connects them in a circuit, unless a 
heat shunt is used. 

Another change that new design dictates is the method 
of soldering wires or parts to terminal posts or connec - 
tors. The discussion that follows sets forth the recom- 
mended soldering procedures as developed by the Navy 
Electronics Laboratory. 

SOLDERING SEMICONDUCTORS .—Much new circuit 
design is based on the use of semiconductors. While some 
devices operate safely at high temperatures, the majority 
of transistors and crystal diodes in use are particularly 
sensitive to temperature. 

In most cases, transistors are mounted in sockets. 
They should be removed from the sockets before any 
soldering of the socket terminals takes place. Some 
transistors and most crystal diodes in printed circuits 
are soldered directly in place. It is best, in these cases, 
touse a heat shunt, suchas the one shown in figure 14-22. 
It should be clipped on the lead being soldered, between 
the joint and the transistor, diode, or resistor, to dissipate 
the excess heat. Other tools that may be used as heat 
shunts are medical hemostats and pointed nose pliers. 
(Hemostats may be obtained from the sick bay or hospi- 
tal when they are no longer usable for surgical purposes. 
You will find them an invaluable addition to your tool box.) 
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Figure 14-22.—Heat shunt. 


STRENGTH OF SOLDERED CONNECTIONS.—The 
various radio and electronics handbooks emphasize the 
necessity of tightly wrapping wires around terminals 
before soldering. This practice is required by federal 
specifications, but efforts are now being made to revise 
the requirements in the light of recent investigations on 
solder strength. 


The Navy Electronics Laboratory tested many stand- 
ard capacitors and resistors soldered to terminals of 
various types. These were subjected to vibrations far in 
excess of those encountered in military ships, aircraft, 
and armored vehicles, Although the connections were 
deliberately made with no wrapping of wires around ter- 
minals, but instead with reliance for support placed in 
the soldered joint, there were no failures. (See fig. 14-23.) 
Similar tests, with equally encouraging results, have 
been conducted by a number of commercial electronics 
firms. 


The following advantages are gained from using con- 
nections that depend on solder for strength: (1) ease of 
assembly; (2) ease of removal for test or replacement; 
(3) less chance of poor soldering (lack of solder in joints 
and/or rosin joints) since faulty soldering is more readily 
detected by visual or electrical inspection methods than 
when the wire is wrapped before soldering; (4) less heat 
required in soldering and unsoldering; and (5)less strain 
on parts since their leads do not get as much pulling and 
twisting as with the conventional wrapping technique. 
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Figure 14-23.—Soldering method recommended by Navy Electronics 
Laboratory. 


Recommendations have been made that federal speci- 
fications be revised to require that small parts be con- 
nected with no more than one-half turnof wire around the 
terminal, followed by a simple and neat soldering job. 

TEMPERATURE OF SOLDERING IRONS.—AI high 
quality irons operate in the temperature range of 500° to 
600° F. Even the little 25-watt midget irons produce this 
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temperature. The important difference in iron sizes is 
not temperature, but the capacity of the iron to generate 
and maintain a satisfactory soldering temperature while 
giving up heat to the joint to be soldered. Naturally you 
would not try to solder a tin box with the 25-watt iron, 
but you would find that iron quite suitable for replacing 
a half-watt resistor in a printed circuit. Of course, a 
150-watt iron would be satisfactory for the printed cir-. 
cuit, provided proper soldering techniques are used, 
since it gets no hotter than the 25-watt:iron. The advan- 
tage of using the small iron for small work is that it is 
light and easy to handle and has a small tip that is easily 
inserted into close places. 

Some irons have built-in thermostats. Others are 
provided with thermostatically controlled stands. These 
devices control the temperature of the soldering iron, but 
are a source of trouble. A well-designed iron is self- 
regulating by virtue of the fact that the resistance of its 
element increases with rising temperature, thus limiting 
the flow of current. For critical work, it is convenient 
to have a variable transformer for fine adjustment of 
heat, but for general purpose work, no temperature regu- 
lation is needed. 

One type of iron is equipped with severaldifferent tips 
that range from 1/4 inch to 1/2 inchin size (diameter) and 
are of various shapes. This feature makes it adaptable 
to a variety of jobs. Unlike most tips which are held in 
place by setscrews, these tips are threaded and screw into 
the barrel. This feature provides excellent contact with 
the heating element, thus improving heat transfer effici- 
ency. A pad of "antifreeze'' compound is supplied with 
each iron. This compound is applied to the threads each 
time a tip is installed in the iron, thereby enabling the 
tip to be easily removed when another is to be inserted. 

A special feature of this iron is the soldering pot that 
screws inlike atip and holds about athimbleful of solder. 
Itis useful for tinning the ends of large numbers ofwires. 
Keep a jar of rosin-alcohol solution handy to apply flux 
to the wires just before dipping in the molten solder. 

SOLDERING GUN.—Because it heats fast and cools 
fast, the soldering gun has gained great popularity in 
recent years. It is especially well adapted to mainte- 
nance and troubleshooting work where only a small part 
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of the technician's time is spent actually soldering, as a 
continually hot iron oxidizes rapidly and is difficult to 
keep clean. 

A transformer in the gun supplies about 1 volt at high 
current to a loop of copper that serves as the tip. It 
heats to soldering temperature in 3 to 5 seconds, but will 
heat to as high as 1,000° F. if left on longer than 30 sec- 
onds. Because it operates for short periods of time, 
very little oxidation is allowed to form; thus, it is one of 
the easiest soldering tools to keep well tinned. On the 
other hand, this tip is made of pure copper with no plat- 
ing, so pitting can easily occur as a resultof the dissolv- 
ing action of the solder. Offsetting this disadvantage, 
however, is the low cost of replacement tips—about 13 
cents. 

If delicate wires or printed circuits aretobe soldered 
with a gun, it should be remembered that overheating can 
easily occur. With practice, heat can be accurately con- 
trolled by pulsing the gun on and off with itstrigger. For 
most jobs, even the LOW position of the trigger will 
overheat the tip after 10 seconds. The HIGH position is 
only for fast heating and for soldering to especially large 
terminals. Incidentally, it is permissible to use solder- 
ing guns as well as regular soldering irons on the 400- 
cycle supply. In the case of guns, the heating time will 
increase and the maximum temperature will be some- 
what lower, but no harm will result to the gun, and satis- 
factory soldering temperatures can be obtained. 


Electrical Relationships 


Figure 14-24 shows formulas that can be used for 
determining electrical or associated relationships. 
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Figure 14-24.—Electrical or associated relationships. 
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QUIZ 


In measuring resistance with a vacuum tube voltohm- 
meter the unknown resistance is placedin series with 
a. B-plus in the VTVM 
b. the meter circuit 
c. a known resistance 
d. the vacuum tube 


The amplifier sections forthe vertical and horizontal 
voltages in an oscilloscope are operated class 

a. A 

b. B 

c. C 

d. ABZ 


The main purpose of using a 100-watt soldering iron 
instead of a 25-watt soldering iron is 

a. to be able to heat a larger surface 

b. to heat a surface to a higher temperature 

c. to be able to use a smaller tip 

d. there is no definite advantage 


Nearly all oscilloscopes use 
a. electromagnetic focusing 
b. electrostatic deflection 
c. electromagnetic deflection 
d. electrostatic current deflection 


The waveform of the voltage applied to the vertical 
plates of an oscilloscope 

a. must be a sawtooth 

b. must be a sine wave 

‘c. can be of any shape 

d. must be a square wave 


In figure 14-10 the frequency on the horizontal plates 
is known to be 400 cycles. The frequency on the 
vertical plates is 

a. 900 cycles 

b. 60 cycles 

c. 180 cycles 

d. 800 cycles 


The operator is protected from residual capacitive 
shock after the high-voltage tester has been turned 
off by use of a 

a. bleeder resistor 

b. high-voltage capacitor discharge switch 

c. grounded third wire 

d. insulated shock mounts 
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10. 


ll. 


12. 


13. 


14, 


In measuring an unknown resistance withthe vacuum 
tube voltohmmeter in figure 14-13, the meter reads 
midscale. The unknown resistance is approximately 
a. equal to the known selected resistance 
b. ten times as great as the selected resistance 
c. one-tenth as greatas the selected resistance 
d. one-half as great as the selected resistance 


Control of beam intensity in a cathode-ray tube is 
accomplished by varying the negative voltage applied 
to the 

a. control grid 

b. cathode 

c. second anode 

d. first anode 


The main characteristic of a vacuum tube voltmeter 
that is utilized in measuring voltage drops in a high 
impedance circuit is its 

a. good frequency response 

b. balanced bridge circuit function 

c. extreme accuracy 

d. high input impedance 


Corona conduction is best controlled by 
a. bonding 
b. felt 
c. shielding 
d. isolation 


The easiest and most practical method of obtaining 
radio noise suppression is 

a. isolation 

b. bonding 

c. filtering 

d. shielding 


In order to keep carbon dust from collecting in the 
generator and still seat the brushes properly, you 
should 

a. order the proper brushes 

b. construct a simple contouring device 

c. use a special seating compound 

d. use a special liquid for cleaning 


The second anode ofan electron gunin acathode-ray 
tube 

a. accelerates the electron 

b. focuses the beam 

c. cuts off the beam 

d. deflects the beam 
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15. 


‘16. 


a 


18. 


19, 


20. 


21. 


The two sine waves in figure 14-8 that are applied 
to the cathode-ray tube are 
a. 180 degrees out of phase 
b. in phase 
c. 90 degrees out of phase 
d. 45 degrees out of phase 
Zero ohms position for the meter needle in figure 
14-16 corresponds to 
a. maximum positive voltage on V2A's grid 
b. maximum negative voltage on V2A's grid 
c. plate voltage of V2A being larger than plate 
voltage on V23 
d. minimum voltage drop across R30 
When using battery power for the high-voltage tester, 
a. c. is obtained by use of a 
a. cold cathode diode 
b. autotransformer 
c. rectifier 
d. vibrator 
The rectifier output ripple frequency in the high- 
voltage tester is 
a. twice the power supply frequency times the 
number of phases 
b. the power supply frequency times the number 
of phases 
c. twice the number of phases times the power 
supply frequency 
d. equal to the power supply frequency 
Electrolytic capacitors 
a. should never be used as filters because of the 
danger of dielectric breakdown 
b. should always be used for noise filtering be- 
cause they have low inductance 
c. should be used where high-frequency noises 
are to be filtered 
d. should always be used for noise filtering be- 
cause they have high inductance 
The rectified output voltage of VIA (12AL5) in figure 
14-13 is 
a. negative in respect to ground 
b. positive in respect to ground 
c. applied to the grid of V2B 
d. zero in respect to ground 
A high voltage test is used most often to 
a. detect leakage through insulation 
b. check resistance of air gaps 
c. check breakdown voltages of insulators 


d. measure voltage necessary to flash over 
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22. With the sweep generator applying a deflection volt- 
age to the horizontal plates and with no voltage ap- 
plied to the vertical plates, the beam produces a 

a. vertical straight line 

b. horizontal straight line 

c. line at 45 degrees from the vertical axis 
d. circle 

23. The first anode in a cathode-ray electron gun is 

operated 
a. negative with respect to cathode 
b. negative with respect to grid 
c. negative with respect to second anode 
d. positive with respect to second anode 
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APPENDIX | 
TRIGONOMETRIC FUNCTIONS 


Several special relationships, called trigonometric 
functions, hold true in a right triangle. Electrical prob- 
lems when reduced to a right triangle can be easily and 
quickly solved by use of tables based upon these functions. 

In the diagram shown, @ is the angle ZOR, OR is the 
projection of OZ on the horizontal axis, OX is the projec- 
tion of OZ on the vertical axis. The letters r, x, and z 
represent the lengths of OR, OX, and ZO respectively. 
There are, in all, six different ratios between the sides, 
r, x, andz. They are called trigonometric ratios or 
trigonometric functions. 


Sine of & (written sin @) = ~ 

Cosine of 6 (written cos 6) = — 
‘ 
‘ 

Tangent of 6 (written tan 0) = = ' 
‘ 

Cotangent of 6 (written cot 6) =— 
( 
' 





Secant of @ (written sec 0) == 


Cosecant of 9 (written csc 9) == 


The functions, sin 9, cos @, and sec 6, are the recip- 
rocals of cot @, sec 9, and csc 6, respectively. Only the 
first three, sin 6, cos 6, and tan 6, are generally used. 

Suppose that in the diagram, OZ has a unit length of | 
and is rotated in a counterclockwise direction beginning 
with angle 6 at 0° value and continuing until it is 90°, 
then the functions will vary within the following limits: 

sin @ increases from 0 to 1.0 
cos @ ‘decreases from 1.0 to 0 
tan 6 increases from 0 to @ 
cot 0 decreases from @to 0 
sec 6 increases from 1.0 tom 
csc 6 decreases from © to 1.0. 
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When 6 varies between the values of 90° and 180° 
(second quadrant), the projection r is negative and the 
functions which involve r become negative. Thus, cos @ 
and tan 6 are negative in this quadrant. In the third 
quadrant, both rand x are negative. Therefore, sin 0 
and cos 6 which involve only one or the other, are nega- 
tive, while tan 6, which involves both r and x,is positive. 
In the fourth quadrant, r is positive, but x is still nega- 
tive. For this reason, sin 6 and tan 6 are negative in the 
fourth quadrant, while cos 6 is positive. 


Variations in Value of Functions 













Quadrant 


I (0°-90°) 
II (90°-180°) 
III (180° - 270°) 
IV (270° - 360°) 


Trigonometric tables give functions up to 90° only. 
The following rules apply for functions of angles greater 
than 90°. 


In quadrant II: 6 = 90° + some angle which is desig- 
nated a (alpha). 

sin (90° + a) = sin (90° - a) 

cos (90° +a) = -cos (90° - a) 

tan (90° +a) = -tan (90° - a) 


In quadrant III: @ = 180° +a 
sin (180° + a) = -sina 
cos (180° + a) = -cosa 
tan (180° + a) = tana 
In quadrant IV: @ = 270° + a 


sin (270° + a) = -sin (90° - a) 

cos (270° + a) = cos (90° - a) 

tan (270° + a) = -tan (90° - a) 
5G Go 


0°-14.9° 


Natura. Sings, Cosings, AND TANGENTS 

















~ ~ fg = > 5 Ks f= Pi ™ Go & Ny ats ~ iN 5 ome SN omg: 
° Mee BSS Rs a 2 = oh os RRs ngs - 53s YN PHO MHIH SOKM NES 
e | s8 SRE Shs S85 SSS ASR ASA BSS £28 S88 SES HER SES BE3 3 
e SSO SOO CSS COS COS SOS CSCO COS CSS CoS SoS SoS Coo coo sos 
282 ge 222 252 B33 S35 285 235 222 ESS EBS 222 SER 252 223 
9 
® | s85 888 282 Sef BSS S85 SES 428 a RSA RES 4 
e SOO COS COSC Coo Coo coe ceo ecoe Coo SCSOSo COS COO COO coe coco 
S38 838 S85 252 22 222 S85 222 S82 BSE 282 SEE 284 FES 2E8 
& | S85 888 sss BSF SES BFF TEx RSE & 2 R RGN REX REx | & 
° SOS COO COO Coo Coo coe coo eco Coo coo coe SSO oOo coco coo 
S32 S38 223 922 B22 522 262 828 225 28s 285 52 SEH BES 85S 
& | S85 SES S82 S8s S523 8E8 =SS HSH =Ea SSE cee SR R58 R55 88" | & 
S SOS SSO COS SOS SOS COO SCO COS SSS SOS SSO SOS SSO CoS coco 
23 S3é 225 Ses 3 
» aS = =aR 282 aGR RSA NSA 
COO coo osco Ceo ooo ° 
Son oc) o ere 
& $25 823 233 =3& 
? Se a ae Se et Nace 
° Io Ceo ecco coo ooo 
eK & 6 Ys] = Yr] ~~ we 
» | 382 BEE S85 525 ESE S38 S32 838 22 S22 885 222 SEZ REE SEs ® 
Se Sxo COO COO COS COO COS CoO coo coo coo coo ooo coo coo ooo 
a = 2S Pip 32 S23 8a3 Say - ~S z= 23S S33 e332 
> | 388 828 222 223 ESE 225 Ses 88 SS5 SES ESS See sha KER = éa 
Se Ono COS SOO CoS SSS Coo SOS Soo CoS SCSoS CoS SoS SoS Soo coo 
° = © oom Pe OF = rh ont ° ~ as i oo = Se ON g = 
~ | sis 282 828 232 E55 222 222 88S S32 SES FRE S82 REE RSA FER | 2 
Se OnO COO COO Coo E€OSO SCS Coe CoS COS CSCS OSS Soo Coo SOS ooo 
er ~ eor =mnNN & CON 
Sé3 S38 833 S22 REN SSX HER ESE R55 
ooo CoO coco ooo Coo coo ooo 
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NaTuRAL Sings, Cosines, AND TANGENTS 
16°-39.9° 
















0.6° | 0.7° | 0.8° | 0.9° 











sin 0.2588! 0.2605] 0.2622] 0.2639! 0.2656 
15 cos 0.9659] 0.9655] 0.9650] 0.9646) 0.9641 
tan 0.2679| 0.2698] 0.2717| 0.2736] 0.2754 


gin 0.2756) 0.2773] 0.2790] 0.2807) 0.2823 
16 cos 0.9613] 0 9608! 0.9603] 0.9598) 0.9593 
tan 0.2867! 0.2886] 0.2905] 0.2024] 0.2943 


sin 0.2924) 0 2940] 0.2957] 0.2974] 0.2990 
17 cos 0.9563! 0.9558] 0.9553] 0.9548! 0.9542 
tan 0.3057; 0.3076) 0.3096! 0.3115) 0.3134 


sin 0.3090} 0.3107] 0.3123) 0.3140] 0.3156 
18 cos 0.9511! 0.9505) 0.9500} 0.9494] 0.9489 
tan 0.3249] 0.3269] 0.3288] 0.3307] 0.3327 


sin 0.3256, 0.3272] 0.3289! 0.3305] 0.3322 
19 cos 0.9455) 0.9449] 0.9444! 0.9438) 0.9432 
tan 0.3443) 0.3463) 0.3482] 0.3502) 0.3522 


sin 0.3420] 0.3437] 0.3453] 0.3469) 0.3486 
20 cos 0.9397| 0.9391] 0.9385} 0.9379} 0.9373 
tan 0.3640} 0.3659] 0.3679] 0.3699] 0.3719 


sin 0.3584 0.3600 0.3616! 0.3633] 0.3649 
91 cos 0.9336] 0.9330: 0.9323| 0.9317] 0.9311 
0.3839} 0.3859] 0.3879] 0.3899] 0.3919 


0.3746] 0.3762] 0.3778] 0.3795] 0 3811 
92 cos | 0.9272! 0.9265] 0.9259] 0.9252] 0.9245 
0.4040) 0.4061] 0.4081] 0.4101] 0.4122 


0.3907} 0.3923) 0.3939) 0.3955; 0.3971 
0.9205) 0.9198; 0.9191} 0.9184) 0.9178 
0.4245) 0.4265) 0.4286] 0.4307) 0.4327 


0.4067; 0.4083} 0.4099) 0.4115) 0.4131 
0.9135; 0.9128) 0.9121) 0.9114) 0.9107 
0.4452! 0.4473) 0.4494) 0.4515) 0.4536 


0.422) 0.4242) 0.4258] 0.4274) 0. 4289 
0.9063) 0.90.6) 0.9048] 0.9041] 0.9033 
0.4663; 0.4684; 0.4706) 0.4727) 0.4748 


0.4384! 0.4399] 0.4415) 0.4431) 0.4446 
0.8988) 0.8980} 0.8973) 0.8965} 0.8957 
0.4877] 0.4899) 0.4921] 0.4942) 0.4964 


0.4540) 0.4555} 0.4571) 0.4586) 0.4602 
0.8910; 0.8902) 0.8894! 0.8886) 0.8878 
0.5095) 0.5117) 0.5139) 0.5161] 0.5184 


0.4695) 0.4710) 0.4726; 0.4741] 0.4756 
0.8829) 0.8821) 0.8813) 0.8805) 0.8796 
0.5317) 0.5340} 0.5362) 0.5384) 0.5407 


0.4848) 0.4863) 0.4879! 0.4894) 0 4909 


0.2689] 0.2706) 0.2723) 0 2740 
0.9636) 0.9632) 0.9627; 0.9622) 0.9617 
0.2773) 0.2792) 0.2811) 0.2830) 0.2849 


0.2840} 0.2857| 0.2874] G 2890) 0 290 
0.9588] 0.9583) € 9578) 0.9573) 0.9508 
0.2962) 0.2981) 0.3000, 0.3019] 0.303% 


0.3007} 0.3024] 0.3040) 0.3057; 0 3074 
0.9537) 0.9532) 0.9527, 0.9521] 0.9516 
0.3153} 0.3172] 0.3191) 0.3211) 0.3230 


0.3173) 0.3190] 0.3206} 0.3223; 0.3239 
0.9483} 0.9478) 0.9472) 0.9466; 0 9461 
0.3346} 0.3365) 0.3385) 0.3404; 0.3424 


0.3338) 0.3355; 0.3371 ot 0 3404 
0.9426) 0.9421} 0.9415} 0.9409! 0 9403 
0.3541; 0.3561) 0.3581) 0.3600} 0.3620 


0.3502} 0.3518) 0.3535; 0.3551| 0.3567 
0 9367} 0.9361; 0.9354] 0.9348] 0 9342 
0.3739] 0.3759] 0.3779) 0.3799); 0.3819 


0.3665) 0 3681} 0.3697) 0.3714) 0.3730 
0.9304; 0.9298! 0.92491} 0.9285) 0.9278 
0.3939; 0.3959] 0.3979) 0.4000; 0.4020 


0.3827) 0.3843) 0.3859; 0.3878) 0.3891 
0.9239] 0.9232] 0.9225) 0.9219} 0.9212 
0.4142} 0.4163! 0.4183] 0.4204) 0.4224 


0.3987) 0.4003} 0.4019) 0.4035) 0.4051 
0.9171) 0.9164) 0.9157) 0.9150} 0.9143 
0.4348] 0.4369) 0.4390; 0.4411) 0.4431 


0.4147] 0.4163) 0.4179) 0.4195, 0.4210 
0.9100} 0.9092) 0.9085) 0.9078) 0.9070 
0.4557) 0.4578) 0.4599} 0.4621/ 0.4642 


0.4305) 0.4321) 0.4337) 0.4352) 0. 4368 
0.9026) 0.9018; 0.9011} 0.9003) 0.8996 
0.4770] 0.4791) 0.4813] 0.4834) 0.4856 


0.4462) 0.4478) 0.4493] 0.4509] 0. 4524 
0.8949) 0.8942) 0.8934} 0.8926] 0 8918 
0.4986] 0.5008] 0.5029) 0.5051) 0.5073 


0.4617} 0.4633} 0.4648) 0 4664; 0.4679 
0.8870} 0.8862; 0.8854] 0.8846] 0.8838 
0.5206) 0.5228] 0.5250) 0.5272} 0.5295) 


0.4772] 0.4787} C4802) 0 4818) 0 4833 
0.8788} 0.8780} 0.8771) 0.8763) 0 8755 
0.5430] 0.5452) 0.5475; 0.5498) 0.552 


0.4924} 0.4939} 0.4955; 0. 4970) 0.4985 
0.8746] 0.8738) 0.8729) 0.8721] 0.8712] 0.8704) 0.8695] 0.8686) 0 8678) 0.8669 
0.5543| 0.5566} 0.5589] 0.5612) 0.5635] 0.5658) 0.5681) 0.5704) 0.5727) 0.57 


Degs.| Function | 0 6’ 12’ 18’ 24’ 30’ 86’ 42’ 48’ 
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NaTURAL SINEs, COSINES, AND TANGENTS 


0.0° 


0 5000 
0. 8660 
0.5774 


0.5150 
0.8572 
0.6009 


0.5299 
0. 8480 
0.6249 


0.5446 
0. 8387 
0.6494 


0.5592 
0.8290 
0.6745 


0.5736 
0.8192 
0.7002 


0.5878 


0.6157 
0.7880 
0.7813 


0.6293 
0.7771 
0.8098 


0.6428 
0.7660 
0.8391 


0.6561 
0.7547 
0.8693 


0.6691 
0.7431 
0.9004 


0.6820 
0.7314 
0.9325 


0.6947 
0.7193 
0.9657 














$0°--44.9° 
0.1° 0.6° | 0.7° | 0.8° | 0.9° 
0.5015 0.5090) 0.5105] 0.5120) 0.513 
0. 8652 0.8607; 0.8599; 0.8590] 0.8581 
0.5797 5890) 0.5914| 0.5938) 0.5961) 0.598 
0.5165 0.5240] 0.5255| 0.5270) 0.5284 
0.8563 ; 0.8517| 0.8505) 0.8499) 0.8490 
0.6032 0.6080 0.6152] 0.6176] 0.6200; 0.6224 
0.5314 0.5344 0.5388) 0.5402} 0.5417) 0.5432 
0.8471 0.8453 0.8425) 0.8415) 0.8406) 0.8396 
0.6273 0.6322 0.6395} 0.6420| 0.6445) 0.646 
0.5461 0.5490 0.5534) 0.5548] 0.5563) 0.55 
0.8377 0.8358 0.8329) 0.8320] 0.8310) 0. 8300 
0.6519 0.6569 0.6644) 0.66€9] 0.6694) 0.6720 
0.5606 0.5635 0.5678; 0.5693/ 0.5707) 0.5721 
0.8281 0.8261 0.8231] 0.8221| 0.8211) 0.8202 
0.6771 0.6822 0.6899) 0.6924] 0.6950) 0.6976 
0.5750 0.5779 0.5821) 0.5835] 0.5850) 0.5864! 
0.8181 0.8161 0.8131] 0.8121] 0.8111) 0.8100 
0.7028 0.7080 0.7159| 0.7186) 0.7212) 0.7239 
0.5892 0.5962) 9.5976] 0.5990/ 0.600 
0.8080 0.8028) 0.8018) 0.8007) 0.799 
0.7292 0.7427) 0.7454) 0.7481! 0.7508) 
0.6032 0.6101) 0.6115) 0.6129] 0.61 
0.7976 0.7923] 0.7912) 0.7902] 0.789 
0.7563 0.7701) 0.7729| 0.7757) 0.7788 
0.6170) 0. ; ‘ 0.6239} 0.6252) 0.6266) 0. 628¢ 
0.7869} 0. 0.7848) 0. 0.7815| 0.7804] 0.7793) 0.7789 
0.7841) 0. 0.7898) 0. ; 0.7983] 0.8012/ 0.8040) 0. s06¢ 
0.6307; 0. 0.6334) 0. ‘ 0.6374] 0.6388) 0.6401! 0.6414 
0.7760) 0. 0.7738) 0. 0.7705] 0.7694) 0.7683) 0.7672; 
0.8127) 0. 0.8185) 0. , 0.8273] 0.8302) 0.8332! 0.8361 
0.6441) 0. 0.6468] 0. : 0.6508) 0.6521] 0.6534) 0.654 
0.7649] 0. 0.7627] 0. : 0.7593} 0.7581] 0.7570) 0.7559 
0.8421) 0. 0.8481) 0. : 0.8571; 0.8601) 0.8632] 0.8662 
0.6574) 0. 0.6600] 0. ; 0.6639) 0.6652! 0.6665) 0.6678 
0.7536} 0. 0.7513) 0. 0.7478) 0.7466) 0.7455) 0.7 
0.8724| 0. 0.8785; 0. : 0.8878; 0.8910) 0.8941] 0.8972 
0.6704; 0. 0.6730) 0. : 0.6769) 0.6782; 0.6794! 0.680 
0.7420) 0. 0.7396} 0. ; 0.7361| 0.7349) 0.7337] 0.7328 
0.9036] 0. 0.9099 0. : 0.9195; 0.9228) 0.9260) 0.9293 
0.6833) 0. 0.6858) 0. : 0.6896] 0.6909; 0.6921) 0.6934 
0.7302) 0. 0.7278! 0. : 0.7242) 0.7230) 0.7218] 0.7206 
0.9358] 0. 0.9424) 0. : 0.9523] 0.9556] 0.9590) 0.9623 
0.6959) 0. 0.6984) 0. ; 0.7022) 0.7034) 0.7046) 0.705¢ 
0.7181) 0. 0.7157) 0. : 0.7120) 0.7108) 0.7096] 0.7083; 
0.9691) 0. 0.9759; 0. 0.9861) 0.9896) 0.9930) 0. 99¢ 
e | 18’ 36’ 42’ 43’ 64’ 
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NatToraL Sings, CosingEs, AND TANGENTS 


46°-—69.9° 
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Degs.| Function 
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NATURAL Sings, Cosingss, AND TANGENTS 


60°-—74.9° 


0.2° 


@.1° 


Degs.| Function | 0.06° 
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weal 
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0 8746| 0 8755; 0.87 
0.4848) 0.4833) 0. 


1.8040) 1.8118) 1. 


cos 


tan 


sin 


2.2460) 2.2566) 2.2673) 2.2781] 2.2880] 2.2098) 2.3109) 2.3220] 2.3832) 2.3 


0.4067; 0.4051} 0.4035) 0.4019) 0.4003} 0.3987] 0.3971] 0.3955) 0.3039) 0.3923 
0.9205] 0.9212] 0.921 
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= 
eo 
Qo 
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og 
S 
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sin 
cos 
tan 


66 


0.3907} 0.3891] 0.387 
2.3559! 2.3673) 2.37 


sin 
cos 
tan 
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sin 
cos 


68 


2.4751] 2.4876| 2.8002] 2.5120] 2.5257| 2.8386) 2.6517| 2.8649] 2.5782| 2.5016 


0.9336) 0.9342) 0. 


tap 


2.6051; 2.6187| 2. 


0.3584) 0.3567) 0. 
0.9397) 0. 


sin 
cos 
tan 
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0.3420| 0. 
2.7475) 2. 


sin 
cos 


70 


2. 


0.3256} 0.3239; 0. 


0.9455; 0.9461) 0. 


2.9042] 2.9208 


0.2756} 0.2740 


0.9613} 0.9617 
3.4874] 3.5105 


sin 
cos 
tan 


74 


6’ 


0’ 


Degs.| Function 
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NaturaL Sings, Cosines, AND TANGENTS. 
76°-89.9° 


Degs.| Function | 0.0° | 0.1° | @.2° | 0.8° | 0.4° 


0.6° | 0.7° | 0.8° 0.9° 



































sin 0.9650| 0.9664] 0.9668] 0.9673] 0.9677] 0.9681] 0.9686) 0.9690} 0.9694) 0.9699 

76 cos 0.25881 0.2571] 0.2554| 0.2538} 0.2521] 0.2504) 0.2487] 0.2470) 0.2453] 0 2436 

tan 3_7321| 3.7583| 3.7848| 3.8118| 3.8391] 3.8667) 3.8047) 3.9232) 3.9520] 3.9812 

ela 0.9703] 0.9707} 0.9711| 0.9715! 0.9720] 0.9724] 0.9728) 0.9732] 0.9756] 0 9740 

76 cos 0.2410) 0.2402| 0.2385] 0.2368| 0.2351] 0.2334] 0.2317) 0.2300] 0.2284; 0 2267 

tan 4.0108] 4.0408] 4.0713| 4.1022] 4.1335] 4.1653] 4.1976] 4.2303| 4.2635) 4.2972 

sin 0.9744| 0.9748] 0.9751] 0.9755] 0.9759] 0.9763] 0.9767} 0.9770] 0.9774] 0 9778 

17 cos 0. 2230| 0.2232] 0.2215, 0.2198] 0.2181] 0.2164} 0.2147) 0.2130] 0.2113] 0 2096 

tan 4.3315| 4.3662| 4.4015] 4.4374| 4.4737] 4.5107) 4.5483) 4.5864| 4.6252) 4. 6646 

sin 0.9781| 0.9785] 0.9789] 0.9792] 0.9796] 0.9799] 0.9803] 0.9806} 0.9810] 0.9813 

78 cos 0.2079| 0.2062] 0.2045} 0.2028] 0.2011] 0.1994] 0.1977] 0.1959] 0.1942) 0.192 
tan 4.7046| 4.7453| 4.7867| 4.8288| 4.8716] 4.9152) 4.9594) 5.0045] 5.0504) 5.0y7 

sin 0.9816] 0.9820| 0.9823] 0.9826] 0.9829] 0.9833] 0.9836) 0.9839] 0.9842! 0 984: 

79 cos 0. 1908| 0.1891] 0.1874] 0.1857) 0.1840] 0.1822] 0.1805} 0.1788! 0.1771! 0 1754 
tan §.1446| §.1929| 5.2422) §.2024| 5.3435] 5.3955) 5.4486) 5.5026) 5.5578) 5.614 

sin 0.9848| 0.9851! 0.9854] 0.9857] 0.9860] 0.9863) 0.9866] 0.9869; 0.9871] 0 ox74 

80 cos 0.1736 0.1719] 0.1702] 0. 1685] 0.1668] 0.1650] 0.1633] 0.1616] 0.1599] 0. 1592 

tan §.6713| 5.7297| 5.7804| 5.8502) 8.0124] 5.9758] 6.0405) 6.1066, 6.1742] 6 2432 

sin 0.9877] 0.9880] 0.9882] 0.9885] 0.9888] 0.9800] 0.9893) 0.9895) 0.9898; 0 9900 

81 cos 0.1564] 0.1547| 0.1530) 0.1513} 0.1495] 0 1478] O. 1451] 0.1444) 0. 1426) 0 1409 

tan 6.3138! 6.3859| 6.4596| 6.5350! 6.6122] 6.6912] 6.7720/ 6.8548/ $9395) 7.0264 

sin 0.9903} 0.9905] 0.9907! 0.9910] 0.9912] 0.9914} 0.9617) 0.9919) 0 9921, 0 9923 

82 cos 0 1392| 0.1374] 0.1357] 0.1340] 0.1323] 0.1505) 0.1288) 0 1271) 0.1253) O 1230 

tan 7.1154| 7.2066| 7.3002| 7.3062) 7.4947| 7.5058] 7.6996] 7.8062] 7.9158] 8.0285 

sin 0.9925! 0.9928! 0.9930! 0.9932] 0.9934] 0.9536] 0.9938] 0.9940; 0 9942) 0.9943 

83 cos 0.1219] 0.1201| 0.1184] 0.1167} 0.1149] 0.1132] 0.1115] 0.1097 0.1080! 0. 1063 

tan 8.1443} 8.2636| 8.3863) 8.5126) 8.6427| 8.7769] 8.9152| 9.0579] 9.2052] 9.3572 

sin 0.9945! 0.9947] 0.9049! 0.9951] 0.9952] 0.9954] 0.9956) 0.9957] 0.9959} 0.996 

84 cos 0.1045] 0. 1028] 0.1011} 0.0993] 0.0976] 0 0958] 6.0941) 0 0924! 0.0906) 0.0559 
tan 9.5144] 9.6768| 9.8448/10.02 |10.20 }10.39 |10.58 |10.78 [10.99 |11.20 

sin 0.9962] 0.9963] 0.9965] 0.9966] 0.9068] 0.9969] 0.9971] 0.9972] 0.9973] 0.9974 

85 cos 0.0872) 0.0854] 0.0837} 0.0819] 0.0802] 0.0785) 0.0767; 0.0750! 0 0732) 0.071 
tan ‘(11.43 (11.66 |11.91 [12.16 [12.43 [12.71 ]13.00 {13.30 |13.62 [13.95 

sin 0.9976] 0.9977] 0.9978] 0.9979] 0.9980] 0.9981} 0.9982! 0.9993; 0 9984! 0.9985 


86 cos 0.0698] 0.0680] 0.0663] 0.0645} 0.0625] 0.0610) 0.0593] 0.0576) 0 0558) 0.0541 
14.30 [14.67 [15.06 [15.46 |15.89 [16.35 [16.83 [17.34 [17.89 |18.46 


sin 0.9986] 0.9987] 0.9988] 0.9989] 0.9990] 0.9990] 0.9991} 0.9992) 0.9993] 0 9993 
87 cos 0.05231 0.0506] 0.0488] 0.0471] 0 0454] 0.0436; 0.0419; 0.0401] 0.0384! 0.0366 
tan (19.08 119.74 {20.45 {21.20 |22.02 [22.90 {23.86 (24.90 [26.03 [27.27 


sin 0.9994! 0.9995] 0.9995) 0.9996] 0.9996] 0.9997] 0.9997] 0.9997) 0 9998; 0.9998 
88 cos 0.0349; 0 0332] 0.0314] 0.0297] 0.0279] 0.0262! 0.0244] 0.0227| 0.0209) 0 0192 
tan [28.64 (30.14 |31.82 [33.69 |35.80 88.19 [40.92 [44.07 [47.74 [52.08 


sin 0.9998] 0.9999! 0.9999] 0.9999] 0.9999] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 
89 cos _| 0.0175] 0.0157| 0.0140] 0.0122) 0.0105] 0.0087| 0.0070] 0.0052] 0.0032] 0.0017 
tan (57.20 (63.66 (71.62 |81.85 (95.49 [114.6 [143.2 |191.0 {286.5 |573.0 


Ss 
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Degs.| Function| 0” | 6 | 12’ | 18’ | 26 | 80” | 36° | 42’ | 48° | 56’ 


APPENDIX Il 
ANSWERS TO QUIZZES 
Chapter 1 
DUTIES AND RESPONSIBILITIES 


Le tae Ls. De l2.a 
2. b. 8. b. 13. a 
3. b. 9. d. 14. d 
4. d. 10. c. 15. a 
5. d. 11... .c. l6. a 
6. c. 
Chapter 2 
SUPPLY AND PUBLICATIONS 
l. a. 8. b 15. a. 
26a. 9.¢ 16. d. 
3. a. 10. c 17. a. 
4. b. ll. d 18. a. 
5. d. 12. -¢ 19. c. 
6. b. l3. a 20. d. 
Gx 14. b 
Chapter 3 
ADVANCED ALTERNATING-CURRENT THEORY 

lod 8. d 15. d 
Bee 9. b 16. d 
3, a 10. a 17. d 
4. b BIT. 18. b 
5d l2. c 19. d 
6. Cc 13. a 20. c 
7. a 14. c 
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Chapter 4 


ADVANCED ALTERNATING-CURRENT 
THEORY -- CONTINUED 
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10. b. 
ll. b. 
12. a. 
13. a. 
14. c. 
15... bs 
16. c. 
ET... 
Chapter 5 
MAGNETIC AMPLIFIERS 
10. a. 
Peles 16s 
LZe es 
13. b. 
14. c. 
15s: -C. 
16. b. 
17. b. 
Chapter 6 
ALTERNATING-CURRENT MACHINERY 
10. d. 
Uk as 
12. d. 
L353 76 
14. d. 
153. ex 
16. b. 
17. d. 
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Chapter 7 
SERVOMECHANISMS 
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Chapter 8 
INTRODUCTION TO TRANSISTORS 
8. a. 

9.65 
10. d. 

Lyd. 

12. b. 

133: <De 
14, d. 

Chapter 9 
AIRCRAFT COMPASS SYSTEMS 
7. b. 

8. b. 

9. b. 

10. b. 

I}. dd. 

Chapter 10 


AUTOMATIC FLIGHT CONTROL AND 
STABILIZATION SYSTEMS 


Be. Cs 
4. b. 
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Chapter 11 


PRESSURIZATION AND CABIN 
TEMPERATURE CONTROL 


8. b. 
9. d. 
10. a. 
Lidge: Cy 
12. c. 
13. a. 

d. 


Chapter 12 
PROPELLER SYNCHRONIZATION 


6. 
7. 
8. 
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10. 
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Chapter 13 


D-C CONTROL, PROTECTIVE, AND 
WARNING DEVICES 
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Chapter 14 


SPECIAL EQUIPMENT AND 
MAINTENANCE INFORMATION 
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APPENDIX III 
QUALIFICATIONS FOR 


ADVANCEMENT IN RATING 


AVIATION ELECTRICIAN’S MATES (AE) 
(Extracted from NavPers 18068 (Revised) thru Change 12.) 


RATING CODE NO. 6800 
Professional Requirements 


General Service Rating 
Scope 


Aviation Electrician's Mates maintain, adjust, test, 
repair, and replace all aircraft electrical and electronic 
power generating and converting, lighting, control, and 
indicating systems and components. Inspect, maintain, 
and install all aircraft electrical wiring. Maintain, ad- 
just, test, and replace aircraft flight and engine instrument 
systems. 


Emergency Service Ratings 


AVIATION ELECTRICIAN'S MATES M (Electri- 
cians), Rating Code No. 6801............... AEM 
Maintain, adjust, test, repair, and replace all 
aircraft electrical power, lighting, control, and 
noninstrument indicating and warning systems 
and their components. 


AVIATION ELECTRICIAN'S MATES I ee 
Repairmen), Rating Code No. 6802 . Sica! see S es 2s AEI 
Maintain, adjust, test, and make audvotized re- 
pairs to aircraftelectronic, electrical, mechan- 
ical, and vacuum instrument systems and in- 
strument-type warning systems and components. 


Navy Enlisted Classification Codes 

For specific Navy enlisted classification codes included 
within this rating, see Manual of Navy Enlisted Classifi- 
cations, NavPers 15105 (Revised), codes AE-7100 to 
AE-7199. | 
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Qualifications for Advancement in Rating 


Qualification for Advancement in Rating 


100 PRACTICAL FACTORS 
101 OPERATIONAL 


1. Demonstrate method of resuscitating a 


man unconscious from electrical shock 
and of treating for electrical burns .... 
Observe applicable safety precautions 
while working in or about aircraft and 
those prescribed for shop and line elec- 
trical maintenance .......0-22---e05 
Operate Ground Electric Power Units re- 
quired in the service and maintenance of 
aircraft. ee eee ee eee ee eee er ea a a 
Perform operational test of aircraft elec- 
trical systems, including such flight tests 
as required by own activity. ......... 
Perform operational test of aircraft in- 
strument systems including such flight 
tests as required by own activity...... 


102 MAINTENANCE AND/OR REPAIR 


l. 


Demonstrate safe and proper use and care 
of hand and power tools common to the 
Paling oe Asoc ha eG Renee Se PS 

Detect, localize, and correct faults in 
electric lighting and power circuits, using 
a multimeter in testing for continuity, 
short circuits, and grounds ......... 
Read and work from schematic wiring 
diagrams inthe maintenance and installa- 


tion of aviation electrical circuits. ..... 


Identify characteristics of resistors and 
capacitors by the RMA code ......... 
Fabricate all types of cables used in air- 
craft electrical circuits, employing proper 
soldering and insulating techniques .... 
Use handbook of maintenance instructions 
required in the maintenance of aviation 
electrical and instrument equipment... . 
Demonstrate safe and proper use of gen- 
eral test equipment furnished own unit . . 
Check and replace circuit breakers, fuses, 
and bonding wires ........ ae, SS eas 
Remove and install aircraft power gener- 
ating equipment, voltage regulators, and 
system protective devices......... sas 
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Applicable 
Rates 


va 


3 3 3 
3 3 3 
3 3 3 
2 2 - 
2 - 2 
3 3 3 
3 3 - 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 - 





Qualifications for Advancement in Rating 


102 MAINTENANCE AND/OR REPAIR-Continued 


10. 


11. 
12. 
13. 
14, 


7 15. 


16. 


17. 


18. 
19. 


20. 


21. 


22. 
23. 


24. 


25. 


Check condition of aircraft batteries; 
maintain, replace, andtest them for proper 
CHATS 6.056 6 hw Ph eee a 
Disconnect and connect associated wiring 
to air frame and engine accessories... 
Install and test electrical wiring on Quick 
Engine Change Units ..... a 
Replace and compensate electric remote 
indicating and magnetic compasses 
Perform preventive maintenance, includ- 
ing external cleaning, lubricating, check- 
ing, replacing, and making minor adjust- 
ments to mechanical, electrical, and 
vacuum instruments ..... ee 2S ee 
Perform preventive maintenance of air- 
craft electric wiring installation including 
wire, insulating materials, clamps, ter- 


minal strips, and connectors........ ;: 
Perform preventive maintenance on auto- 
matic pilot equipment ............. 


Make performance tests, including bench 
checks and adjustment of aircraft power 
generators, inverters, regulating controls, 
and power system protective devices . 
Maintain, test, and adjust electrical indi- 
cating systems, including warning systems 
Demonstrate safe and proper use of spe- 
cial test equipment furnished own activity 
for maintenance of: 

a. Aviation electrical equipment ...... 
b. Aircraft engine and flight instruments 


. Perform insulation resistance tests on 


wiring, using amegger or appropriate high 
voltage insulation tester ........... 
Perform periodic checks on Ground Elec- 
tric Power Units toinsure proper electric 
Output... wc ee rc re ever serereces 
Perform electrical tests on components 
of ignition systems for proper operation 
Maintain, adjust, and perform preflight 
checks on aircraft searchlights and their 
power supply systems ...........--. 
Maintain, test, replace, and adjust elec- 
tric portions of aircraft electric-hydraulic 
systems ....... ner ee ee: oo Sans ‘ 
Test, adjust, calibrate, and make author- 
ized repairs to aircraft instruments... . 
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Applicable 
Rates 


pas 


3 3 - 
3 3 3 
3 3 - 
3 - 3 
3 - 3 
3 3 - 
2 - 2 
2 2 - 
2 2 2 
2 2 - 
2 ° 2 
2 2 2 
2 2 - 
2 2 = 
2 2 = 
2 2 - 
l @ 2 





Qualifications for Advancement in Rating 


102 MAINTENANCE AND/OR REPAIR--Continued 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


Maintain and replace electric components 
of aircraft cabin pressurization, air- 
conditioning, and heater systems ..... 
Maintain and test aircraft propeller and 
engine electric /electronic control systems 
and their components............. . 
Make performance test including bench, 
preflight, and required in-flight adjust- 
ments to maintain proper eee of 
automatic pilot equipment...... 
Test, adjust, and make authorized repairs 
to: 
a. Power, lighting, and noninstrument type 
indicating and warning systems..... 
b. Electronic components used in instru- 
ments, automatic flight systems, and 
instrument type indicating and pisdeins 
systems ....... a 
Test, adjust, and make authorized repairs 
to components of aircraft electrical sys- 
tems including servos, relays, protective 
devices, and all rotating electric equip- 


ment e e e e e e e e e e e eeeeeeeeeee # @® @® @ @ 
Perform instrument repair, using required 
machines and special hand tools ...... 


Interpret wiring diagrams contained in 
handbooks of maintenance instructions in 
troubleshooting electrical systems..... 
Analyze malfunctions and determine cor- 
rective action required on: 

a. Aircraft electrical systems ....... 
b. Aircraft instrument systems ...... 


103 ADMINISTRATIVE AND/OR CLERICAL 


Make required entries in aviation electri- 
cal shop maintenance records ....... 


Applicable 
Rates 


[nena 


Use NavAer Publications Index to locate, 


identify, and obtain technical publications 
Complete electrical and/or instrument 
section of the Standard Aircraft Inventory 
Determine part and stock numbers from 
available technical supply publications for 
obtaining replacement materials ..... 
Conduct on-the-job training and supervise 
personnel engaged in maintenance of: 
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1 1 e 
1 1 ss 
1 ‘ 1 
1 1 t 
Di ce 1 
l P| ss 
- Z 1 
l ae 
Cc} cl - 
Cl} ws) 
3} 3 | 3 
3} 3 | 3 
2} 212 
2/| 2) 2 





Qualifications for Advancement in Rating 


103 ADMINISTRATIVE AND/OR 
CLERICAL- Continued 
a. Aircraft electrical systems ....... 
b. Aircraft instrument systems....... 
6. Furnish technical assistance in prepara- 


10. 


tion of reports required by higher authority 
relating to electrical systems and/or 
equipment, including aircraft accident 
reports... cc ccc ceevrscrereres 

Organize and administer personnel ‘and 
facilities for maintenance of aviation elec- 
trical and/or instrument systems ..... 
Supervise the use, filing, and maintenance 
of publications and records; supervise 
preparation of reports required by own 
GEDSTtMe NE scissile ees Se Br HSS 
Supervise the requisition and inventory of, 
and account for allowed materials in ac- 
cordance with current directives ...... 
Screen defective exchangeable electrical 
components and instruments, for feasibil- 
ity of authorized local repair in lieu of 
Oxchange . 2 6.6 64 6 be ER ee es : 


200 EXAMINATION SUBJECTS 


201 OPERATIONAL 


1. 


2. 


Effects of electrical shock and methods of 
artificial respiration ...........e.66. 
Safety precautions tobe observed in work- 
ing in or near airplanes and on electrical 
equipment ........ Ae ee ee eae ae a 


202 MAINTENANCE AND/OR REPAIR 


l. 


Calculate current, voltage, power, and 
resistance in d-c series and parallel 
circuits containing not more than four 
SlEMENTH 6 ee 6 el ie es MS we Se ee ES 
Given any two of the following values, 
solve for the remaining: (a) frequency, 
Capacitance, and capacitive reactance; 
(b) frequency, inductance, and inductive 
reactance ......+24-++.--e-. ee 
Mathematical relationships between aver- 
age, effective, and peak values of voltage 
and current in a-c circuits ......... 
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Applicable 


Rates 
ssn a 

l ] - 

l - l 

CG Cc Cc 
Cc Cc Cc 
Cc Cc C 
C C C 
C C C 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 





Qualifications for Advancement in Rating 


202 MAINTENANCE AND/OR REPAIR—Continued 


4. 


10. 


11. 
12. 


13. 
14. 
15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


Application of the laws of magnetism to 
simple d-c motors and generators .... 
Operating principles and use of ohm- 
meters, voltmeters, and ammeters .... 
Operating principles of and maintenance 
procedures for primary and secondary 
Datt@QieS i-o.6ck. ewe ws od A Ges ss 
Identification of standard wiring code and 
wiring diagram symbols .......... 
Proper use of hand and small power tools 
and measuring instruments common to 
the rating ........ ee ee ee eae eae 
Types and characteristics of capacitors 
and resistors employed in aircraft elec- 
tric and instrument equipment ....... 
Principles of hydraulics applicable to air- 
craft instrurnents ....-.cccecccs0008% 
Operating principles of gyroscopes .... 
Types and uses of aircraft a-c and d-c 
motors and generators.........2e.00-. 
Types and uses of aircraft instruments. . 
Principles and uses of synchros inaircraft 
control phase current and voltage trans- 
formers in aircraft electrical systems. . 
Calculations involved inchanging range of 
d-c meters by use of shunts and multiplier 
FESIStOTS 6 ces ew ees ws ae ee ae 
Principles of operation and applications of 
single phase current and voltage trans- 
formers in aircraft electrical systems. . 
Effects of meter sensitivity in amplifier 
circuit voltage measurements ...... 
Principles of operation of thermocouples 
as used in aircraft fire detector, temper- 
ature indicating, and control circuits ... 
Determine values of: (a) voltage, current, 
or capacitance in both series and parallel 
capacitor circuits; (b) voltage, current, 
or inductance ina series inductor circuit 
Solve problems involving relations between 
impedance voltages and line current in 
single-phase series a-c circuits ..... 


Principles of electromagnetic induction as 
employed in aircraft magnetos and engine 
ignition starting devices ....... a aie 
Method of operation, characteristics, and 
functions of reverse current, over voltage, 


370 


Applicable 
Rates 


x 


3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 i 

3 ~ 3 
3 3 2 
3 2 3 
2 2 3 
2 2 2 
2 2 2 
2 2 2 
2 2 2 
2 2 2 
2 2 2 
2 2 - 





Qualifications for Advancement in Rating 


202 MAINTENANCE AND/OR REPAIR—Continued 


23. 


24. 


25. 
26. 


27. 
28. 
29. 
30. 
31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


and feeder protective devices usedin air- 
craft d-c power generating systems.... 
Method of operation, characteristics, and 
maintenance techniques for finger type 
and carbon pile voltage regulators as used 
to control aircraft generators and in- 
VOTCETO 6 oe Oe ok eee eee Owes 
Factors and calculations involved in selec- - 
tion of proper wire for aircraft electric 
CIPCUItG: 6 648 Sid eGR eA Re ow a8 
Methods of speed regulation used in air- 
craft inverters ...... ae a ee ; 
Voltage, current, and power relationship 
involved in three phase wye and delta a-c 
power distribution systems ‘ 
Characteristics of triode, pentode, ‘and 
tetrode vacuum tubes........ 
Operating principles of half- and full-wave 
rectification ...... : ‘ 
Operating principles of diode and dry-disk 
POCCIIG TO: 6. 25-5: 8 aia deo are ee hw ees 
Methods of obtaining self and fixed bias 
for operation of vacuum tubes..... 
Principles of operation of oscillator, am- 
plifier, and signal discriminating circuits 
used in remote indicating compass and 
automatic pilot systems ........... 
Purpose and application of measuring in- 
struments, including oscilloscopes, tube 
testers, a-c meters, vacuum tube volt- 
meters, and Wheatstone bridge ....... 
Relationship of the current, voltage, and 
impedance in LC circuits at, above, and 
below resonant frequency . a. soy Ot-Gr Se 28 
Types, internal connections, ‘and methods 
of testing armatures and field windings 
employed in aircraft a-c and d-c electrical 
rotating equipment. ........ oe sees 
Principles of operating single and poly - 
phase a-c motors and generators. ..... 
Characteristics of polyphase a-c genera- 
tors and inverters in relation to load bal- 


ance and power factor ...... baat widen tS 
Principle of operation of magnetic ampli- 
PAO Os ia 6 0 ee es Bh oe a es 


Method of operation, characteristics, and 
functions of under-frequency, overvoltage, 


571 


Applicable 
Rates 


AEM| AEI 


2 2 a 
2 2 a 
2 2 
2 2 ” 
2 2 1 
2 2 1 
2 2 l 
2 2 i 
2 2 1 
2 2 1 
l l l 
l l ] 
] l 1 
l l l 
1 l 1 
1 l 1 





Qualifications for Advancement in Rating 


202 MAINTENANCE AND/OR REPAIR—Continued 


39. 


41. 


42. 


43. 


44. 


45. 


46. 


and other protective devices used in a-c 
distribution systems ......2-2-e-cee-s 
Method of operation of generator and in- 
verter voltage and speed controls employ- 
ing electronic and magnetic amplifiers. . 
Purpose and application of instrument 
field and instrument special-test equip- 
ment provided for squadron level mainte- 
TONCO 5656-055. 65-564 8 Ee : 
Application of band pass filters in aircraft 
instrument amplifiers ........--+e6-. 
Methods of coupling used in electronic 
amplifiers: Transformer, resistive, ca- 
pacitive, impedance, and direct....... 
Types, application, phasing, and connecting 
of transformers in polyphase systems .. 
Principles of signal phasing and followup 
as applied inelectric automatic pilot servo 
systems and searchlight control systems 
Factors causing and methods of locating, 
suppressing, and eliminating manmade 
radio noise interference. .....eceee-s 
Calculations for power factor correction 
and phase balancing in a-c power systems 


203 ADMINISTRATIVE AND/OR CLERICAL 


1. 
2. 


Types of information found in NavAer 
Publications Index .....-6-2++ eee eee 
Types of information contained in aero- 
nautical technical publications, including 
operating handbooks, erection and main- 
tenance manuals, allowance lists, parts 
catalogs, handbook of maintenance instruc- 
tions, Aviation Circular Letters, Technical 
Notes; Technical Orders, Aircraft Service 
Changes, and bulletins pertinent to instru- 
ment and/or electrical systems.......- 
General content and use of ASO Catalog. . 
Safety precautions in chapter 18 of U. S. 
Navy Safety Precautions, OpNav 34P1... 
Maintenance records, logs, and reports 
required of squadron maintenance depart- 
ment . 2.2.2. ce ee eee a 
Applications of military specifications in 
the installation and inspection of electrical 
equipment and wiring in naval aircraft .. 


972 


Applicable 
Rates 


lads | 


1 l = 
1 l - 
l - 1 
1 - l | 
l 1 1 
l l C 
| 
l l Cc 
C 
Cc 
3 3 3 
2 2 2 
2 2 2 
] 1 ] 
Cc C Cc 





Applicable 
Rates 


Qualifications for Advancement in Rating 


203 ADMINISTRATIVE AND/OR 
CLERICAL--Continued 


7. Use of applicable allowance lists, parts 
catalogs, and forms in the requisitioning 
and accounting for aviation electrical 
MISCO TIALS. 5. Ve Se ae ee Re C C C 


300 PATH OF ADVANCEMENT TO WARRANT 
OFFICER AND LIMITED DUTY OFFICER 


Aviation Electrician's Mates advance to War- 
rant Aviation Electronics Technician and/or 
Limited Duty Officer, Aviation Electronics. 


Military Requirements 
Scope 


Military requirements are those generally applicable qualifica- 
tions which all enlisted personnel are expected to demonstrate as 
a minimum for advancement to specific pay grades. They are 
applicable to all personnel at the specified pay grade except where 
indicated for men or women only. 

For advancement, enlisted personnel in any pay grade need to 
demonstrate proficiency inthe qualifications specified for the next 
higher pay grade and should maintain, and may be required to 
demonstrate, qualification for all lower pay grades. 

Knowledges essential to performance of the practical factors, 
as well as those essential to the required examination subjects, 
will be subject to examination for advancement. 


100 PRACTICAL FACTORS Apvli 
pplicable 


Pay Grade 
101 OPERATIONAL ania 


1. Enter water feet first from height of 5 feet 
and swim 50 yards; float, scull, and tread 
WEG Ro is 6 iw we ew, Be OR He te ahs E-2 

2. Demonstrate techniques for preparing and 
using clothing and buoyant objects for staying 
SE OOE ee oe ba ha eee 8 Os Se ew ee E-2 

3. Demonstrate how to put onand use inherently | 
buoyant and CO 2-inflatable life jackets .... E-2 

4. Demonstrate how to control arterial and ve- 
nous bleeding by compress, finger pressure, 
and tourniquet .... ete Shee Ney e te eee toes OM ‘ E 

5. Prepare and apply an improvised splint ... E- 


573 


101 OPERATIONAL—Continued 


10. 
ll. 
12. 
13. 


14. 
15. 


16. 


17. 
18. 


19. 
20. 


Administer artificial respiration by the back- 
pressure arm-lift method and back-pressure 
hip-lift method... ......02+c-ccccccece 
Transport an injured person by: ........ 
a. Fireman's lift. 

b. Tied-hands crawl. 

Tie a bowline, becket bend, round turn and 
two half hitches, and square knot. (Men only.) 
Locate an object by relative bearing and po- 
sition angle measuredindegrees. (Men only.) 
Demonstrate ability touse ABC warfare pro- 
tective equipment such as masks and clothing 
Identify standard markers used to denote 
ABC warfare contamination ........... 
Adapt regular issue clothing for atomic and 
biological protection ..........-e+eec08 
Describe early symptoms of contamination 
of personnel by chemical warfare agents .. 
Apply a battle dressing .............. 
Demonstrate how to apply immediate treat- 
ment for ShOCK.6 <6: anes Sle Ss wie eS Gare OS 
Demonstrate techniques of swimming through 
oil, flames, and debris .............. 
Pronounce numbers and phonetic alphabet. . 
Break out, man, test, and secure a sound- 
powered phone head set. (Men only.) ..... 
Demonstrate how to extinguish class A, B, 
and C fires. (Men only.) ..........0-. 
Demonstrate how to use: (Men only.)..... 
a. Portable CO2 extinguishers. 

b. Hoses, nozzles, and adapters. 

c. Safety lines and signals. 


102 MAINTENANCE AND/OR REPAIR (Mer only.) 


1. 


Prepare aluminum, steel, and wood surfaces 
for painting e e e e e e e es e e e e e e e e e e e e e e 
Paint aluminum, steel, and wood surfaces, 


using standard Navy techniques..... eo eee 
Clean and stow paint brushes .......... 
Field-strip, clean, and assemble the service 
rifle e e oe ee @ eee e# @#® # @ #¢ @ * @ e«eeeeeeese @ 


Field-strip, clean, and assemble the service 
Dit oe ed hick S Be Al, Se anes woe eS ee 


103 ADMINISTRATIVE AND/OR CLERICAL 


kL. 


2. 


Prepare an indoctrination schedule for a new 
recruit reporting for duty .......2.2.... 
Select and organize appropriate subject mat- 


ter and instruct by showing (demonstration) 
method .... 


Applicable 
ey Grace 


E-3 
E-3 


E-3 


E-4 


E-5 


103 ADMINISTRATIVE AND/OR 
CLERICAL--Continued 
3. Prepare a standard Navy letter......... 
4. Prepare a detailed work assignment for men 
in your division ...... 2.0.2... 00004 o- 
5. Teach a group, observing the following steps 
in developing the lesson: ........... ee 


10. 


a. Setting the objectives. 

b. Presenting the subject matter. 

c. Providing trainee application through 
practical work and drill. 

d. Summarizing key points. 

e. Testing trainee achievement. 

Prepare and administer a written test which 

includes the following types of questions: 

a. Essay. 

b. Multiple choice. 

c. True-false. 

d. Completion. 

Use the following training aids and devices: 

a. Training film, slides, and transparencies. 

b. Charts, posters. 

c. Models and mock-ups. 

d. Demonstrators and trainers. 

Prepare a preventive maintenance schedule 

for an item of machinery or equipment in 

your division, considering possible changes 

to ship employment schedule ......... 

Demonstrate ability toconduct instruction by 

each of the following methods, using subject 

matter appropriate to each method: ...... 

a. Telling (lecture). 

b. Questions and discussion. 

ec. Drill and practical work. 

d. Written study materials. 

Plan and supervise on-the-job training pro- 

gram based on:............ ee a 

a. Level of trainees’ knowledge and skill. 

b. Degree of skill to be developed. 

c. Available equipment and training aids. 

d. Qualifications for Advancement in Rating, 
NavPers 18068 (Revised). 


104 MILITARY CONDUCT 


Execute individual positions and facings used 
in close-order drill, with and without arms. 


(Men only): 65.65 4 6 6 oe wh ee wre was 
Execute individual positions and facings, 
without arms. (Women only.) .......... 
Fire the service rifle, observing safety pre- 
cautions. (Men only.) ......22---+see. 
Relieve a watch, armed with rifle. (Men 
only.) ...-22-.-26- Y tig Maca ialia viper ey fa Se we ere 


575 


Applicable 
Pay Grade 


E-5 
E-6 
E-6 


104 MILITARY CONDUCT — Continued 


Oo onan 


Stand sentry watch, ener general orders. 
(Men Only.) io 6 ek 6 Ai Side soe Be Ss 4S 
Stand a security watch. (Women only.) . 

Command a squad in close-order drill .... 
Fire service pistol, observing safety pre- 
cautions. (Men only.) ............008 
Relieve a watch, armed with pistol. (Men 
ONLY.) 3 she 58 - See BG a a ee ee 


200 EXAMINATION SUBJECTS 


201 OPERATIONAL 


l. 


10. 


11. 
12. 
13. 


14, 


Procedures and safety precautions involved 
in performing tasks appropriate to the appli- 
cable pay grades listed under 100 Practical 
Factors. 

Individual action and precautions to be taken 
when exposed to atomic, biological, and chem- 
ical warfare attack ashore or afloat...... 
Use and care of inherently buoyant and CO2- 
inflatable life preservers. (Men only.) . 
Purpose and limitations of first aid ...... 
Symptoms ofand first-aid treatment for sim- 
ple and compound fractures. ...........- 
Procedures tobe followed in removing cloth- 
ing at personnel decontamination stations . . 
Rules of personal hygiene in relation to the 
fOLlOWING= a -. o bars ee, 6.25 oe SS a ee ae a 
a. Body. 

b. Clothing. 

c. Bedding. 

d. Close living quarters. 

e. Dangers of self-treatment. 

Nomenclature of superstructure, decks, and 
partes: Of Was 3.5 ob eee 6.8 PRLS SS 
Numbering system for decks and lettering 
and numbering system for compartments .. 
Main purpose of following knots: (Men only.) 
a. Bowline. 

b. Becket bend. 

c. Round turn and two half hitches. 

d. Square knot. 

Safety precautions tobe observed in handling 


service rifle. (Men only.) .......... ame 
Symptoms of and immediate treatment for 
shock . oes ese @ @ e e @ e@ eee#eee © © @ @ e 


Occasions and precautions for administering 
a morphine syrette ..........0...0006 

Classification of burns and symptoms of and 
first-aid treatment for each 


976 


Applicable 
Pay Grade 


Hh fF 
' ¢@ Q 
NN 


E-2 
E-3 
E-3 
E-3 


EES Set Sige 
LS —— SEE EE 


CO rn gE, 


201 OPERATIONAL--Continued 


15. 


16. 


17. 
18. 


19. 


20. 
21. 


22. 


23. 
24. 


25. 
26. 


27. 


Preparation for abandoning ship; best ways 
of going over the side; and type of clothing to 
be taken in abandoning ship in hot or cold 
climate. (Men only.)......... 

Use, care, and stowage of the following life 
float equipment: (Men only.) ...... ee 
a. Signal mirror. 

b. Day and night distress signal. 

c. Dye marker. 

d. First-aid kit. 

e. Rations. 

f. Tarpaulin. 

Major types of and designating symbols for 
U. S. naval ships. ...........622ce-068. 
Major classes of and designating symbols 
for U. S. naval aircraft .............. 
Material conditions of readiness of a ship. 
Meanings of W,X, Y, Z damage control mark- 
ings. (Men only.) ....... ‘ ° 

Types of guns installed aboard United States 
cruisers, destroyers, and naval aircraft. 
General purposes of the following types of 
naval ordnance: .......... ee ee eee 
Bombs. 

Rockets. 

Projectiles. 

Guided missiles. 

Depth charges. 

Torpedoes. 

Mines. 

. Pyrotechnics. 

Three classes of fires andtheir: ....... 
a. Causes. 

b. Prevention. 

c. Methods of handling. 

Hazards of fire-produced smokes and fumes 
General safety precautions involved in work- 
ing with or in vicintiy of: (Men only.) .... 
Tank or closed compartment. 

Electrical and electronic equipment. 
Machinery and power tools. 

. Fuels, paints, and solvents. 

- Ammunition, 

- Compressed gases. 

. Life lines, ladders, and scaffolding. 
Heavy weights and moving equipment. 
Safety precautions when working aloft or over 
the side. (Menonly.) ......--2-+--..-.. 
Safety precautions when embarked in small 
DOS6 in hk es ee ES LS BSE 
Early symptoms of exposure to chemical 
warfare agents..........--. eLeisa at ee ea S 


Pm mo BO op 


Pm wo PO op 


Applicable 
Pay Grade 


201 OPERATIONAL-- Continued 


28. 


29. 
30. 
31. 


32. 


33. 
34. 
35. 
36. 


37. 


Sound signals for steam vessels during re- 
duced visibility under way and at anchor. 
(MencOnly.): 6 6 5. CA ws eee 2 Bia ewe Sos 
Ship distress and break-down signals accord- 
ing to International Rules. (Men only.) . 

Whistle signals for meeting, crossing, and 
passing according to Inland Rules ....... 
United States buoyage system for marking 
channels and obstructions .......... os 
Use of desalting kit and solar distilling equip- 
ment for obtaining drinking water; methods 
of catching and stowing rain water. (Men 


only.) . i Bee ae Bik Wea Bia Se 6a 6 ei 
Safety precautions to be observed in handling 
service pistol. (Menonly.) ........... 
Identify the semaphore positions for numbers 
and letters of the alphabet ....... 

Identify the International Morse Code ‘for 
numbers and letters of the alphabet ....... 


Methods of decontaminating chemical, bio- 
logical, and radioactive painted and unpainted 
surfaces. (Menonly.) ........2.2-+-.-+4-- 
Purpose and use of ABC warfare detector 
devices such as survey meters, dosimeters, 
and sampling kits ....... Sasa e a eet ea 


202 MAINTENANCE AND/OR REPAIR (Men only.) 


1. 
2. 


3. 


Methods of preparing wood, steel, and alumi- 
num surfaces for painting...... 6 lee oe 
Uses of zinc chromate and red lead primers; 
exterior and interior paints ....... 

Methods of cleaning and stowing paint brushes 


203 ADMINISTRATIVE AND/OR CLERICAL 


1. 
2. 


3. 


How and when to place personnel on report 

Meaning and application of the following 

leadership principles: ......... seal es eS 

a. Knowing the job to be done. 

b. Exhibiting and instilling pride in high 
standards of work. 

c. Seeking additional responsibility. 

d. Knowing your men and recognizing indi- 
vidual differences. 

e. Possessing sense of responsibility. 

f. Delegating authority but not responsibility. 

g- Keeping men informed. 

h. Being forehanded. 

i. Commanding and leading. 

Correct form for a standard Navy letter... 


578 


Applicable 
Pay Grade 


E-4 
E-4 
E-4 


E-4 


E-4 
E-4 
E-5 
E-5 


‘ 
Ww 


bit t 
ww 


E-4 


203 ADMINISTRATIVE AND/OR 
CLERICAL—Continued 


4, 


The purpose and relationship of the follow- 
ing in teaching alesson:......... eee 
a. Preparation. 

b. Presentation. 

c. Application. 

d. Test. 

e. Summary. 


Applicable 
Easy Grace 


E-6 


Standards to follow and errors to avoid - in . 


evaluating personnel for performance of duty 


marks e « . e @ eee e?eeeee#eeee#e eee ?@e# e# ee ee # #* @ 
Responsibilities of petty officers in on-the- 
job training programs regarding: ...... ‘ 


a. Training of individuals. 

b. Team training. 

c. Departmental training. 

How and when to praise, censure, and warn 

Importance and effect of the following in plan- 

ning and conducting instruction: ........ 

a. Objectives of the lesson. 

b. Characteristics of the subject or skill to 
be learned. 

c. Degrees of the skill required of trainees. 

d. Conditions, including time available, under 
which training must be conducted. 

e. Available equipment and training aids. 

f. Instructor-trainee relationships. 


204 MILITARY CONDUCT 


Eleven general orders for a sentry. (Men 
ONLY) 4c bs MES Be we a es alata ey ee Saree 
When and to whom the individual hand and 
rifle salutes are rendered ........ 
Military courtesies required of enlisted per- 
sonnel in the following situations ...... 
a. During colors. 

b. Boarding or leaving a naval vessel. 

c. Crossing or being in the vicinity of the 
quarter-deck. 

d. When in military or civiliandress and the 
national ensign passes or national anthem 
is played. 

e. When passing, meeting, addressing, intro- 
ducing, replying to, walking with, or riding 
with any commissioned officer attached 
to or serving with U. S. armed services. 

Authority of and services rendered by mili- 

tary police patrols .......... Bie eco aise 

Identify officer grade insignia, and corps de- 

vices of the U.S. Navy .......2e.ce00--, 

Identify rates in pay grades E-1, £-2, and 

E-3 by sleeve insignia............. 


579 


E-6 


E-6 


E-2 
E-2 
E-2 


204 MILITARY CONDUCT-—Continued 


13. 
14, 


15. 
16. 


17. 
18. 


19. 
20. 


21. 


22. 


23. 
24. 


25. 
26. 


Identify rates of petty officers by sleeve 
INGigNid. 26h we eee es a ee ee ee 
Regulations for the correct wearing, mark- 
ings, and exchanging of U.S. Navy enlisted 
uniforms for other than pay grade E-7.... 
Principal occupational duties of general serv- 
1C@ TACINGS 66 sk ee 8 ee ee we es 
Five types of discharge and reasons for each 
Requirements and advantages of an honor- 
able discharge ......cccccsvccevvves 
Identify the ribbons for the following medals: 
a. Medal of Honor. 

b. Navy Cross. 

c. Good Conduct Medal. 

Names of parts of the Naval Establishment 
and the mission of each ......-2-c5ceee05 
Names, abbreviations, and broad responsi- 
bilities of the various bureaus of the Navy 
Department ........--e2 cee eer eecs 
Standard ship organization and the general 
responsibilities of each department ...... 
Purpose of watch, quarter, and station bill . 
Purpose of military discipline and punishment 
Contents of the General Article (No. 134) of 
the Uniform Code of Military Justice and 
definition and significance of the following 
offenses: ... 2. cee ee ee cb te Moh ose ca en i ; 
a. Desertion. 

b. AWOL. 

c. Misuse of United States property. 

d. Insubordination. 

e. Fraudulent enlistment. 

f. Drunkenness or reckless driving. 

Types of courts martial and maximum pun- 
ishments each may award ........-- 
Punishments which the commanding officer 
may award .....ccces ec ccerecees 
Meaning of basic pay, basic allowance for 
subsistence and quarters, and commuted 
rations .....ccc-2ce es ceeveresesesrs 
Types of hazardous duty entitling personnel 
to incentive pay. (Men only.) ......--+-- 
Meaning and examples of rate and rating .. 
General requirements for eligibility for ad- 
vancement in rate or rating ....--+ee:-. 
Purpose and effect of performance of duty 
markBS ....2-- cece rseverrrseeees 
Purpose of the following: ...--2+eseseees 
a. Service, fleet, and functional schools. 

b. Navy training courses. 

c. Enlisted correspondence courses. 

d. USAFI correspondence courses. 


980 


Applicable 
Pay Grade 


E-3 
E-3 


E-3 


E-3 
E-3 


E-3 


E-3 
E-3 


204 MILITARY CONDUCT-—Continued 


27. 


28. 


29. 
30. 


31. 


32. 
33. 
34. 


35. 


36. 


37. 


e. USAFI self-study courses. 
f. Accreditation service of the information 
and education program. 

Opportunities for acquiring a naval commis- 

sion in the following programs: ........ 

a. Officer Candidate School. (Men only.) 

b. Naval Reserve Officers Training Corps. 
(Men only.) 

. Naval Aviation Cadet Program. (Men only.) 

Naval Academy. (Men only.) 

Reserve Officer Candidate. (Men only.) 

Reserve Officer Candidate (W). (Women 

only.) 

g. Officer Indoctrination (W). (Women only.) 

h. Naval Preparatory School. (Men only.) 

Contents of the following sections of the en- 

listed service record: ......... saa 

a. Record of Emergency Data. 

b. Enlisted Classification Record. 

c. Navy Occupation and Training History. 

d. Marks. 

Purpose of primary and secondary NEC codes 

Meaning of following terms: ......... ° 

a. Accrued leave. 

b. Earned leave. 

c. Emergency leave. 

d. Excess leave. 

e. Advance leave. 

Personal services available to enlisted men 

and their dependents, including Red Cross 

and Navy Relief 4:4. 6-8.5-6 4 64 eR ee 

Correct method of submitting a request 


ears 


through official channels ............. 
Regulations concerning identification tags 
and identification cards ..........-..6-. 
Meaning of the following security classifica- 
TIONS: ns ow a So ew Rw Bee a 
a. Top Secret. 

b. Secret. 


c. Confidential. 

Current security regulations concerning per- 
sonal correspondence and oral communica- 
tions. (U.S. Navy Security Manual for 
Classified Matter) .......... eis Eitan St as 
Regulations concerning loss, compromise, 
and unauthorized disclosure of classified 
MALEr 6c iw cee tee eee we ee es ce eee 
Enlisted person's responsibilities in the fol- 
lowing situations: ....... pid cibecke Gin Sh eo cee . 
a. When ship and boat passing honors are 

rendered. 
b. When in the vicinity of a gun salute. 


581 


Applicable 
Pay Grade 


bit 
Www 


E-4 


E-4 


204 MILITARY CONDUCT—Continued 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


Identify officer ranks and enlisted grades of 
other branches of U. S. armed services. ... 
General duties of the following: ...... aie 
a. Guard mail petty officer. 

b. Section leader. 

c. Gangway petty officer. (Men only.) 

d. Master at arms. 

e. Police petty officer. 

General duties of military police patrols with 
respect to: 2... ce. e ee eves er 
a. Apprehension of offenders. 

b. Contact with officers. 

c. Contact with civilians. 

Alarms and calls for fire and collision.... 
General duties and authority with respect to 
civilians of a naval landing party in a dis- 
tressed or disturbed area ... 

Purpose and effect of the Chief and First 
Class Petty Officer Evaluation Sheet, Nav- 
Pera 1339) 0 8 Gas So awe ae oe ee ee ee 
Regulations forthe correct wearing, marking, 
and exchanging of U. S. Navy enlisted uni- 
forms of chief petty officers .........-. 


982 


Applicable 
Pay Grade 


E-4 
E-4 





INDEX 


AA-c circuit problems, 99-113 
parallel, 103-108 
power, 101-103 
series, 100-101 
series-parallel, 108-113 
Accountability symbols, 41-42 
A-c generators: 
electromotive forces: 
factors affecting terminal 
voltage, 236-241 
inherent regulation, 
241-243 
fields: 
imbedded-winding, 235 
salient-pole, 235 
prime movers, 244-246 
multigenerator operation, 
244-246 
single generator opera- 
tion, 244 
windings: 
coil-span, 220-221 
single-phase, 221-224 
three-phase, 224-232 
A-c system protection: 
ground fault, 276-278 
overvoltage, 278-280 
phase sequence, 281-282 
underfrequency, 280-281 
A-c theory, advanced, 76-113 
Adjustments, servomechanism, 
308-310 
Admittance, conductance, and 
susceptance, 144-149 
Admittance-to-impedance re- 
lationships, table of, 146 
Advancement in rating, 1-7, 
13-18 
requirements: 
military, 15-16 
professional, 16 
training courses, 3-7 
AE Manual, NavAer 00-80T-59, 
68 
Aircraft compass systems. 
(See Compass systems, air- 
craft.) 
Aircraft inspection require- 
ments, 70 
Aircraft searchlight servo sys- 
tem, 311-313 


Airstream direction detector, 
395-399, 486-487 
Altitude control, aircraft, 
385-387 
Amplifier circuits, transistor: 
cascading, 348-349 
grounded-base, 345-346 
grounded-collector, 347-348 
grounded-emitter, 346-347 
Amplifiers: 
MA-1 compass, 364-377 
magnetic. (See Magnetic 
amplifiers.) 
servo, 292-300 
AN connectors, testing of, 
540-542 
Angle of attack system, 
484-485 
Antihunt devices, servomecha- 
nism, 304-310 
Anti-ice and defrost system, 
429 
Answers to quizzes, 560-564 
Armature reactance, 237 
Armature reaction, 237-241 
Armature resistance, 237 
Atomic structure, 323-324 
Automatic flight control and 
stabilization. systems, 384- 
410 
altitude control, 385-387 
maintenance, 410 
pendulum erecting vertical 
gyro, 399-404 
pitch and yaw stabilization, 
391-399 
yaw stabilization, 388-391 
Automatic frequency control, 
a-c generators: 
electrical, 256-259 
nonelectrical, 255-256 
Automatic propeller synchroni- 
zation, 450-451 
Automatic reactive load balanc- 
ing, 259-260 
Automatic watt load balancing, 
260-262 
Autopilots. (See Automatic 
flight control and stabiliza- 
tion systems.) 
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Aviation supply: 
accountability symbols, 
41-42 
distribution, 37-38 
federal cataloging system, 
38 
inventory control, 42-43 
inventory logs and records, 
58-60 
material control, 36-37 
material reliability report, 
47-57 
EFR, 53-57 
FUR, 48-53 
Navy stock lists, 38-40 
organization, 36 
procurement, 40-41 
record of material on order, 
45 
screening electrical equip- 
ment, 46-47 
source codes, 43-45 
survey of material, 60-62 
usage data, 57-58 
your job in supply, 35-36 


Belt factor, induced e.m.<f., 
230-232 
Biasing magnetic amplifiers, 
197-198 
Bulletins: 
accessories, 64-65 
aircraft instrument, 64-65 
command, 65-67 


Cabin temperature and pres- 
surization control, (See 
Pressurization and cabin tem- 
perature control.) 

Calculating admittance, 146-147 

Capacitor type fuel quantity 
servo system, 314-316 

Carbon-pile regulators: 

frequency, 271 
inverter voltage, 266 

Cascaded amplifier, transistor, 
348-349 

Cathode-ray oscilloscope: 

applications, 505-510 

cathode-ray tube, 496-503 

Lissajous figures, 510-514 

oscilloscope circuits, 503- 
505 

Closure voltage in a delta sys- 
tem, 137 


Cockpit pressurizing system, 
428 
Coil span, a-c generator, 220- 
221 
Compass systems, aircraft: 
directional gyro unit, 354- 
358 
MA-1 compass amplifier, 
364-377 
MA-1 compass controller, 
358-364 
MA-1 compass operation 
summary, 377-380 
transmitters, 352-354 
Computing power: 
in delta systems, 140-143 
in wye systems, 133-134 
Conductance, admittance, and 
susceptance, 144-149 
Control: 
altitude, 385-387 
governor propeller: 
feathering operation, 
440-444 
reversing operation, 
445-446 
unfeathering operation, 
444-445 
unreversing, operation, 
446 
Control devices, d-c 
generator control panel, 
473-480 
relays, 455-473 
Controller, compass, 354-358 
Converting impedance to ad- 
mittance, 144-145 
Cooling turbine, 420 
Cores: 
magnetic, 190-191 
saturable reactor, -204-206 
toroidal, 205-206 
Correcting power factor, 86-87 
Correction of unbalanced poly- 
phase loads, 174-175 
Covalent bond, 325 
Crossover windings, 200-202 
Crystal structure: 
germanium, 325-326 
silicon, 323-324 
Current: 
in parallel circuits, 103-108 
in series circuits, 100-101 
in series-parallel circuits, 
108-113 
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Current-- Continued 
of the delta connection, 137- 
140 
of the wye connection, 129- 
133 


Damping: 
a-c servomotors, 305-307 
yaw, 389 
Data transmission systems, 
290, 292 
D-c control, protective, and 
warning devices, 454-490 
control and protective, 4»5- 
480 
power and noninstrument 
warning, 480-490 
D-c generator control panel, 
473-480 
Defrost and anti-ice system, 
429 
Delta closure voltage, 137 
Detector, synchro, 292 
Devices: 
antihunt servomechanism, 
304-310 
control and protective, 455- 
480 
power and noninstrument 
warning, 480-490 
Diodes: 
applications of, 334-335 
PN junction, 330-333 
point contact, 333-334 
Directional gyro unit MA-1 
compass, 354-358 
antispin motor, 357-358 
azimuth information, 357 
leveling pickoff, 357 
leveling torque motor, 355- 
357 
slaving torque motor, 355 
Double subscript notation, 
118-121 
Duties and responsibilities: 
military, 7-11 
professional, 11-13 
qualifications for advance- 
ment, 13-18 
squadron maintenance or- 
ganization, 18-27 
training, 27-32 
Duties of leading petty officer: 
shop administration, 26-27 
training, 27-32 
chart, 32 


Duties of leading petty 
officer-- Continued 
training -- Continued 
materials, 29 
methods, 30-31 
planning a program, 28-29 
records, 31 
schedules, 31-32 


Effects of unbalanced polyphase 
loading, 155-156 

EFR, 53-57 

Electrical and electronic wir- 
ing, 70-71 

Electrical Cables and Fittings, 
NavShips 900-102B, 69 

Electrical Connectors, Hand- 
book of, 69 

Electrical interference, 69-70 

Electrical Power Equipment, 
Aircraft, NavAer toTeB A. 
500, 71 

Electrical relationships, 546- 
547 

Electron and hole flow, 326- 
328 

Electronic frequency regula- 
tors, 271-276 

Electronic heat control, 423- 
426 

Electronic inverter voltage 
regulators, 267-271 

Exciter control relay, 242-243 


Feathering operation, propel- 
ler, 440-444 

Federal cataloging system, 38 

Feedback in magnetic ampli- 
fiers, 202-204 

Fire detection, aircraft, 482 

Flight control system, auto- 
matic, 404-410 

Followup systems, 302-304 

Fractional-pitch windings, 
228-230 

Frequency control of invert- 
ers: 

carbon-pile regulators, 271 
electronic regulators, 271l- 
276 

Frequency response, tran- 
sistor, 344 

Fundamentals of magnetic 
amplifiers, 188-208 

FUR, 48-53 
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Generation of polyphase volt- 
ages, 121-125 
Generator construction: 
armatures, 232-233 
fields, 235 
slots, 233-235 
Germanium structure: 
atomic, 323-324 
crystal, 325-326 
Governor, propeller, 434-440 
manual control, 436-437 
synchronizer control, 437- 
440 
Grounded-base amplifier, 345- 
346 
Grounded-collector amplifier, 
347-348 
Grounded-emitter amplifier, 
346-347 
Ground fault protection, a-c 
system, 276-278 
Gyro unit, directional, MA-1 
compass, 354-358 
Gyro, vertical erecting 
pendulum, 399-404 


Half-coil single-layer winding, 
221 
Heat control, cabin. (See Tem- 
perature control, cabin.) 
Heat exchanger: 
primary, 417-420 
secondary, 420-422 
Heat shunts, 543 
Heat system (typical opera- 
tion), 425-428 
High-voltage insulation tester, 
521-523 
Hole and electron flow, 326-328 
Hysteresis effects, 195-198 
Hysteresis loops, 195 


Index, Naval Aeronautic Publi- 
cations, 72 
Induced e.m.f. with pitch and 
belt factors, 230-232 
Inventory logs and records, 
58-60 
Inverters: 
frequency control of, 271- 
276 
voltage control of, 266-271 


Lap winding, simple, 222 
Lights, warning: 
overheating, 481-484 


Lights, warning-—- Continued 
position, 481 
power, 480-481 
Line and phase currents in wye 
systems, 129-133 
Line power comparisons wye 
and delta connections, 143 
Line voltage in wye systems, 
127-129 


Ma-1 compass: 
amplifier, 364-377 
controller, 358-364 
directional gyro unit, 354- 
358 
operation, 377-380 
troubleshooting, 380 
Magnetic amplifier compass, 
373-377 
Magnetic amplifiers, 183-214 
applications, 208-214 
basic principles, 184-188 
biasing, 197-198 
effects of hysteresis, 195- 
198 
feedback, 202-204 
full-wave rectification, 198- 
200 
fundamental circuits, 188- 
208 
half-wave rectification, 
191-193 
time of response, 206-208 
Magnetic cores, 190-191 
Magnetization (BH) curve, 187 
Maintenance, aircraft, electri- 
cal: 
electrical relationships, 
546-547 
special problems, 524-536 
climate deterioration, 
526 
environment, 524-525 
radio noise, 526-536 
techniques and devices, 
special, 538-546 
brush contouring device, 
538-540 
parts replacement, 542- 
546 
testing AN connectors, 
540-542 
Maintenance organization, 
18-27 
functions of divisions, 20-22 
instructions, 22-23 
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Maintenance organization— 
Continued 
shop administration, 26-27 
status board, 25 
work orders, 23-24 
work report, 25 
work requests, 24-25 
Material reliability reports, 
47-57 
Military duties: 
leadership, 7-8 
supervisory techniques, 8-11 
discipline, 8 
personne] relationships, 
10-11 
praise and censure, 9 
Military specifications, 63-64 
Military standards, 64 
Millman's theorem: 
application of, 153-155 
basic operation of, 149-152 
Multigenerator power balanc- 
ing, 245-246 


Naval Aeronautic Publications 
Index, 72 

NPN- junction transistor, 336- 
340 

N-type semiconductor mate- 
rial, 328 


Operation, basic magnetic 
amplifiers, 184-188 

Oscilloscope, cathode-ray, 
496-513 

Overvoltage protection, a-c 
system, 278-280 


Panel, d-c generator control, 
473-480 
Parallel operation of a-c gene- 
rators: 
reactive power distribution, 
246-248 
real (watt) power distribu- 
tion, 248-250 
synchronizing power, 250- 
251 
Pendulum erecting vertical 
gyro, 399-404 
Percent of unbalance, comput- 
ing, 157 
Phase and line current in delta 
systems, 137-140 
Phase sequence protection, 
281-282 


Phasing generator windings, 
235-236 
Pitch and yaw stabilization 
system, 391-395 
Pitch factor, induced e.m.f., 
229-230 
PN junctions, 330-333 
PNP-junction transistor, 340- 
341 
Point contact diodes, 333-334 
Point contact transistor, 341- 
344 
Pole pitch, a-c generator, 220- 
221 
Polar vectors: 
addition and subtraction of, 
96 
conversion of, 98-99 
definition of, 95-96 
division of, 97 
multiplication of, 96 
use of, 96 
Polyphase systems, 117-118 
Power and noninstrument 
warning devices: 
overheating warning and in- 
dicating lights, 481-484 
position warning and indi- 
cating lights, 481 
power warning and indicat- 
ing lights, 480-481 
quantity and pressure warn- 
ing lights, 484 
stall warning systems, 484- 
490 
Power calculation, 101-103 
Power dissipation, transistor, 
344-345 
Power factor correction, 86-87 
Power in series circuits, 102 
Power in series-parallel cir- 
cuits, 110 
Power in the wye connection, 
133-134 
Power of the delta connection, 
140-143 
Practical factors, 17-18 
Preparalleling procedure and 
requirements, 251-255 
conditions for synchroniza- 
tion, 252 
synchronizing a-c genera- 
tors, 252-255 
two-bright one-dark method, 
253 
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Pressurization and cabin tem- 
perature control, 414-429 
anti-ice and defrost system, 
429 
cockpit pressurizing sys- 
tem, 428-429 
definitions used in, 415-416 
electronic cabin tempera- 
ture control system, 423- 
428 
mixing value, 422-423 
pressure and heat source, 
417-422 
Pressurizing, cockpit system, 
428-429 
Primary heat exchanger, 417- 
420 
Prime mover speed-load char- 
acteristics, 244-246 
Professional duties, 11-13 
Propeller: 
control, governor, 440-446 
governor, double-acting, 
434-440 
preflight inspection: 
feathering and unfeather- 
ing test, 447-448 
governor action test, 
446-447 
reversing and unrevers- 
ing test, 448 
synchronization, 433-451 
turbo, control, 448-451 
Protective devices, d-c sys- 
tems: 
relays: 
contractor and feeder, 
471-473 
ground and feeder, 469- 
471 
latch-in, 468 
polarized, 461 
P-type semiconductor mate- 
rial, 328-330 
Publications, 62-72 
AE Manual, NavAer 00- 
80T-59, 68 
Aircraft Electrical Power 
Equipment, NavAer 17- 
15BA-500, 71 
aircraft inspection require- 
ments, 70 . 
aircraft instrument and ac- 
cessories bulletins, 64-65 
Cables and Fittings, Nav- 
Ships 900-102B, 69 


Publications —Continued 
command bulletins and in- 
structions, 65-67 
Electrical Connectors, AN 
03-5-90, 69 
Handbook for Electrical and 


Electronic Wiring, 70-71 


military specifications, 63- 
4 


military standards, 64 

Naval Aeronautic Publica- 
tions Index, 72 

Reduction of Radio Inter- 
ference in Aircraft, Nav- 
Aer 16-1-521, 69-70 


Safety Precautions, OpNav 
34P1, 68-69 


Publications and supply, 35-75 


Qualifications for advancement 
in rating, 565-582 


Radio noise, 526-536 
Rate generator, 305-307 
Rectangular quantities, table of, 
92 
Rectangular vectors: 
addition, subtraction, divi- 
sion and multiplication of, 
93-95 
comparison to polar vectors, 
88 
conversion to polar form, 
97-98 
definition of, 87-88 
use of, 90-93 
Refrigeration unit, 420 
Regulation of a-c generators, 
241-243 
Relays: 
classification of, 455-461 
contactor and feeder pro- 
tector, 471-473 
equalizer, 464-466 
ground and feeder protec- 
tor, 469-471 
latch-in, 468-469 
marginal, 464 
polarized, 461-464 
time delay, 466-468 
Response time, magnetic am- 
plifiers, 206-208 
Reversing and unreversing, 
propeller, 445-446 
Rotating-field a-c generators, 
219-220 
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Safety Precautions, OpNav 
34Pl, 68-69 
Saturable reactor cores, 204- 
206 
Screening electrical equipment, 
46-47 
Searchlight servo system, 310- 
316 
Secondary heat exchanger, 
420-422 
Self-saturating magnetic am- 
plifier, 193-195 
Semiconductors: 
applications, 334-335 
germanium and silicon 
atomic structure, 323-326 
hole and electron flow, 326- 
328 
N-type, 328 
PN junctions, 330-333 
point contact diodes, 333- 
334 
P-type, 328-330 
soldering of, 542 
Servo amplifier, 292-300 
Servo followup systems, 302- 
304 
Servomechanisms: 
adjustments, 308-310 
antihunt devices, 304-310 
applications of, 310-316 
fuel quantity’system, 
314-316. 
searchlight system, 
311-313 
data transmission systems, 
290-292 
followup systems, 302-304 
servo amplifier, 292-300 
servomotors, 300-302 
terms, 290 
Servomotors, 300-302 
Servo systems: 
aircraft searchlight, 311-313 
capacitor type fuel quantity, 
314-316 
Silicon atomic structure, 323- 
324 
Silicon crystal structure, 325- 
326 
Soldering: 
guns, 545 
irons, 542-546 
semiconductors, 542 


Solving a-c problems with rec- 
tangular and polar notation, 
99-113 

determining power, 101-103 

parallel circuits, 103-108 

series circuits, 100-101 

series-parallel circuits, 
108-113 

Solving circuits by admittance 
method, 145-149 

Source codes, 43-45 

Special equipment and mainte- 
nance information, 495-547 

cathode-ray oscilloscope, 
496-513 
high voltage insulation 
tester, 521-523 
maintenance techniques, 
538-547 
special maintenance prob- 
lems, 523-538 
vacuum tube voltohmmeter, 
514-521 
Stabilizing: 
pitch and yaw, 391-395 
yaw, 388-391 
Stall warning system, 484-490 
airstream direction detec- 
tor, 486-487 
indicator unit, 487-490 
relay unit, 487 
Static regulators, a-c voltage: 
bridge circuit, 263-264 
complete, typical, 264-265 
operating principles, 262- 
263 
schematic diagram, 265 
Stock lists, Navy, 38-40 
Supervisory techniques: 
discipline, 8 
personnel relationships, 10- 
11 
praise and censure, 9 

Supply and publications, 35-75 

Supply, aviations. (See Avia- 
tion supply.) 

Survey of material, 60-62 

Susceptance, admittance, and 
conductance, 144-149 

Synchro-servo loop diagram, 
289 

Synchronization of aircraft 
propeller. (See Propeller 
synchronization.) 
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Temperature controls, cabin: 
electronic: 
temperature pickup, 423- 
424 
temperature regulator, 
424-425 
temperature selector, 
424 
heat exchanger: 
primary, 417-420 
secondary, 420-422 
mixing valve, 422-423 
Terms, servomechanism, 290 
Test equipment, maintenance: 
cathode-ray oscilloscope, 
496-513 
high voltage insulation 
tester, 521-523 
vacuum tube voltohmmeter, 
514-521 
Tester, insulation high voltage, 
521-523 
Three-legged magnetic core, 
190-191 
Three-phase systems, 117-118 
unbalanced, 155-157 
Three-phase voltages, 121-125 
Three-phase voltage vectors, 
125-127 
Three-phase windings: 
half-coil single-layer, 226 
whole-coil two-layer, 227- 
228 
Toroidal cores, magnetic am- 
plifier, 205-206 
Training, 27-32 
Transistors: 
amplifiers: - 
cascades, 348-349 
grounded-base, 345-346 
grounded-collector, 347- 
348 
grounded-emitter, 346- 
347 
applications, 344-349 
frequency response, 344 
power dissipation, 344-345 
theory, 335-344 
Transmission system, data 
servomechanism, 290-292 
Transmitters, aircraft com- 
pass, 352-354 
Trigonometric functions, 552- 
559 
Troubleshooting, compass, 380 
Turbopropeller, 448-451 
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Unbalanced delta currents, 
157-162 

Unbalanced loading in poly- 
phase, 156-157 

Unbalanced polyphase systems, 
155-157 

Unbalanced wye systems, 162- 
174 

Unbalance of three-wire unreg- 
ulated wye system, 162-164 

Unbalance with single-phase- 
sensing voltage regulation, 
164-168 

Unbalance with three-phase- 
sensing voltage regulation, 
169-174 

Underfrequency protection, 
280-281 

Unfeathering operation, pro- 
peller, 444-445 

Usage data, 57-58 


Vacuum tube voltohmmeter, 
514-521 
Valve mixing, heating, 422-423 
Vector analysis: 
of currents: 
energy and reactive, 83- 
84 


in multibranch circuits, 
84-87 
in simple parallel cir- 
cuits, 81-83 
of voltage and power: 
in a capacitive imped- 
ance, 79-80 
in an inductive imped- 
ance, 76-79 
in an inductive and ca- 
pacitive impedance, 
80-81 
Vector conversion: 
polar to rectangular, 98-99 
rectangular to polar, 97-98 
Vectors of three-phase volt- 
ages, 125-127 
Vertical gyro, 399-404 
Voltage control of inverters: 
carbon-pile regulator, 266 
electronic regulator, 267- 
271 
Voltage regulators: 
carbon-pile, 262 
static, 262-265 
Voltages: 
delta connection, 134-137 


Voltages -— Continued 
wye connection, 127-129 
Voltohmmeter, vacuum tube 
514-521 


Warning devices, power and 
noninstrument: 

overheating warning and 
indicating lights, 481l- 
484 

position warning and indi- 
cating lights, 481 

power warning and indicat- 
ing lights, 480-481 

quantity and pressure warn- 
ing lights, 484 


Warning devices, power and 
noninstrument-- Continued 


stall warning systems, 484- 


490 
Warning stall system, 480-490 
airstream direction detec- 
tor, 486-487 
indicator unit, 487-490 
relay unit, 487 
Wave winding, simple, 222 


Winding layout, simplified, 225 


Winding, magnetic amplifier: 
crossover, 200-202 
feedback, 202-204 


Yaw stabilization system, 388- 
391 
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